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our breadth and depth. In other words, ICR is multidimensional, 
and is constantly widening and deepening its research activities. 
We intend to use our strengths to contribute to pioneering research 
as well as to expand the boundaries of chemistry-related fi elds and 
further to promote research collaborations, which are not easy in 
conventional graduate schools. Moreover, we aim to utilize our 
strengths as an outstanding center in education in order to produce 
excellent scientists and engineers who can actively contribute to 
our global society on the basis of their broad and profound 
 perspective. ICR is currently executing Global COE Programs in 
collaboration with the Graduate school of Engineering, the Graduate 
school of Science and Graduate school of Informatics. These 
Programs include “International Center for Integrated Research 
and Advanced Education in Material Science (starting from 
2007)” encompassing chemistry and materials science fi elds, 
“Center of Excellence for Education and Research on Photonics 
and Electronics Science and Engineering (from 2007)” involving 
information science, electrical engineering, and electronics fi elds, 
and “The Next  Generation of Physics, Spun from Universality & 
Emergence Developing Independent Researchers to Explore New
Frontiers (from 2008)” covering physics, astronomy, and materials 
chemistry fi elds.
In addition, ICR is making enthusiastic contribution to the 
MEXT Project of Integrated Research on Chemical Synthesis 
(2010-2016)”, in collaboration with the Catalysis Research Center 
at Hokkaido University, the Research Center for Materials 
Science at Nagoya University and the Institute for Materials 
Chemistry and Engineering at Kyushu University. This is the 
second stage of the project supported by MEXT through the 
Research and Education Funding for Inter-University Research 
Project. Furthermore, ICR is currently collaborating with domes-
tic/oversea universities and research organizations (with 49 offi cial 
international collaboration agreements) and has been functioning 
as a Joint Usage/Research Center supported by MEXT, “Frontier/
Interdisciplinary Research Core in ICR for Deepening Investiga-
tion and Promoting Cooperation in  Chemistry-Oriented Fields” 
(since 2010).
The strong collaboration basis so far constructed in-house 
and also with outside ensures our institute to serve as the core of 
global research propellers in chemistry-oriented fi elds. Fortu-
nately, the four-year quakeproof renovation of the main  buildings 
in Uji campus has just been completed at the end of 2010 together 
with the establishment of a new lecture hall “Uji Obaku Plaza” in 
2009. With these highly improved research/education facilities, 
we are further activating ourselves to attain our founding philoso-






Institute for Chemical Research (ICR) dates back to 1915 with
the founding of the Specialized Center for Chemical Research at 
the Faculty of Science, Kyoto Imperial University. The formation
of the Specialized Center was greatly infl uenced by  historical
events. In 1910, Dr. Sahachiro Hata developed salvarsan, a highly
effective drug for syphilis, while conducting research with Dr.
Paul Ehrlich. The effectiveness of this compound eventually
became widely recognized, and its commercial production began
in Germany. Although Japan was importing this drug, the outbreak 
of the World War I ceased the importation, and forced by circum-
stances the Japanese government requested that the University of 
Tokyo and Kyoto University produced salvarsan. The fourth
Chancellor of Kyoto University, Professor Mitsuru Kuhara, who
also happened to be a chemist, received this request. Facilities for 
salvarsan production were built with an investment of 20,000 yen,
which is equivalent to about 200 million yen in today’s market.
Production went well, and as income was generated, faculty
members, who had a passion for research in chemistry, gathered 
from across the University to form the Specialized Center for 
Chemical Research, which was later expanded and renamed as the
Institute for Chemical Research (ICR) in 1926. The newly estab-
lished ICR soon began to produce outstanding research achieve-
ments: research on accelerators by Professor Bunsaku Arakatsu,
research on synthesized petroleum oil production, and the devel-
opment of vinylon, which is Japan’s fi rst synthetic fi ber. Almost 
all professors at the Institute, including the aforementioned, were
also professors at the Faculty of Engineering or Science. However,
over time, people began to recognize the importance of having
professors dedicated solely to ICR in order to operate ICR with a
clear responsibility, as well as the importance of the Institute’s
contribution in training researchers by providing guidance to
graduate students. Thus, ICR began accepting graduate students
in 1962, and reorganization in 1964 saw the installation of the
research division system where each division was led by one of 
our dedicated professors. Since the founding of ICR in 1926, our 
basic principle has been to excel in the investigation of basic
principles of chemistry and their applications. Through several
reorganiza tions, ICR currently consists of the following fi ve
research divisions: Division of Synthetic Chemistry, Division of 
Materials  Chemistry, Division of Biochemistry, Division of Environ-
mental Chemistry, and Division of Multidisciplinary Chemistry as
well as the following three research centers: Advanced Research
Center for Beam Science, International Research Center for 
Elements Science (IRCELS), and Bioinformatics Center. Today,
ICR spans 32 research fi elds (laboratories) with 99 faculty
members and about 240 graduate students. Each laboratory
belongs to one of the seven graduate schools which encompass
science, engineering, pharmaceutical science,  agriculture, medi-
cine, informatics, human and environmental studies. Our labora-
tories and the graduate schools work together to provide excellent 
graduate education. ICR strives to be the “central research center 
in chemistry” by achieving outstanding results in chemistry and 
related fi elds, and attracting motivated researchers in these fi elds.
Chemistry is a fundamental science, which deals with materials,
and its importance, including its contribution to physics and 
biology, cannot be overemphasiz ed. One of our major strengths is
iv
ICR  News 2010
Joint Usage/Research Center: Frontier/Interdisciplinary 
Research Core in ICR for Deepening Investigation and
 Promoting Cooperation in Chemistry-Oriented Fields
Prof WATANABE, Hiroshi (Vice-Director of ICR)
Institute for Chemical Research (ICR) has been functioning, since April 2010, as the Joint Usage/Research Center 
(JURC) to deepen the investigation and promote the cooperation in chemistry-oriented fi elds. 68 joint research subjects 
have been adopted this year; please see p.67 for details. Several frontier instruments, including 800MHz Multi-purpose 
Nuclear Magnetic Resonance Spectrometer and 
Fourier Transform Ion Cyclotron Resonance Mass 
Spectrometer, have been newly equipped and 
utilized in the cooperative researches, and a man-
agement offi ce for those common-use instruments 
has been also organized. The activity of JURC/
ICR will bring a breakthrough into the global
researches in the chemistry-oriented fi elds. The management offi ce for the common-use instruments
Fourier Transform Ion Cyclotron  Resonance 
Mass Spectrometer with 7.05 T Super 
 Conducting Magnet (FT-ICR-Mass)
A Bruker Daltonics SolariX Qq-FT-ICR Mass Spec-
trometer, equipped with ESI, APCI, and MALDI ion sources 








Versatile Super-High Field 
Nuclear Magnetic Resonance (NMR)
This 800 MHz NMR can be 
used both for  solution- and solid-
state measurements. 5 mmφ mul-
tinuclear double-resonance probe, 
5 mmφ inverse detection triple-
resonance probe, 10 mmφ multi-
nuclear double-resonance probe, 
triple-resonance CP/MAS probe, 
and high spinning speed CP/MAS 
probe are available.
vOrganization
Elements Chemistry Research Station:
Institute for Chemical Research,
Kyoto University
Molecular Chemistry Research Station:
Research Center for Materials Science, Nagoya University
Assembly Chemistry Research Station:
Institute for Materials Chemistry and Engineering,
Kyushu University
Catalysis Chemistry Research Station:
Catalysis Research Center, Hokkaido University
A strong cooperative and collaborative research 
 program will facilitate future advances in chemical 
synthesis. Our society expects innovative and highly 
functional materials. In order to respond to these demands, 
the education and training of young scientists would also 
benefi t from a research environment that exposes them to 
different branches of materials chemistry. The purpose of 
this joint research program is to develop novel synthetic 
chemistry for production of new materials through the 
intimate cooperation of four highly recognized research 
groups. Examples of new materials and technologies that 
could arise from this research include: supramolecular 
organic electronics devices, metallic oxide nanoparticles, 
hydrogen production catalysts, electronic display device 
materials driven by structural control macromolecules, and 
hetero-atom conjugated materials with novel optical and 
electronic properties. These novel materials are expected 
to contribute to nano-science and materials science.
Division of Multidisciplinary Chemistry, 
Interdisciplinary Chemistry for Innovation (1 December 2010~)
MEXT Project of Integrated Research on Chemical  
Synthesis (2010-2016)
Prof OZAWA, Fumiyuki (Director of IRCELS)
The 1st Symposium on Material Synthesis
(3-4 December 2010, at Kyoto University) http://jointproject-cscri.rcms.nagoya-u.ac.jp/english/index.html
Prof TOSHIMITSU, AkioI feel it happy to come back to ICR, where I had 
been engaged in the research work for 30 years in the fi eld 
of synthetic organic chemistry as an undergraduate and 
graduate student and as a researcher. I had been interested 
in asymmetric synthesis. In 2002, I moved to International
Innovation Center to serve Kyoto University in the
coordination of Industry-Academia partnership and in the
application and license of intellectual properties. Recently
my research interest has shifted to the design and synthe-
sis of organic compounds which are attractive to industrial
society from the viewpoint of innovation. The examples
include pyrene derivatives used in light-emitting fi eld-
effect transistors, sugar-fullerene linked compounds used 
in photodynamic therapy of cancers, and gadolinium
complex of chiral dendrimers used in magnetic resonance
imaging of  cancers (shown in the fi gure).
Gadolinium complex of chiral dendrimer (left) used in magnetic 
resonance imaging of cancer in mouse (right)
vi
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Prof MUGESH, Govindasamy Indian Institute of Science, India, 23–25 December 2009
Prof APELOIG, Yitzhak Israel Institute of Technology, Israel, 23–25 April 2010
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Selected Publications
Han JS, Sasamori T, Mizuhata Y, Tokitoh N: Reactivity of an
 Aryl-Substituted Silicon—Silicon Triple Bond: Reactions of a 1,2-Diaryldisilyne with Alkenes, J. Am. Chem. Soc., 132, 2546-2547 (2010).
Sato T, Mizuhata Y, Tokitoh N: 1,2-Dialkynyldisilenes: Silicon Analogues of (E)-Enediyne, Chem. Commun., 46, 4402-4404 (2010).
Tsurusaki A, Nagahora N, Sasamori T, Matsuda K, Kanemitsu Y, Watanabe Y, Hosoi Y, Furukawa Y, Tokitoh N: Synthesis, Structures, and 
 Reactivity of Kinetically Stabilized Anthryldiphosphene Derivatives, Bull. Chem. Soc. Jpn., 83, 456-478 (2010).
Tanabe Y, Mizuhata Y, Tokitoh N: Synthesis and Structure of a Heavier Congener of Biphenyl: 1,1'-Disila-4,4'-biphenyl, Organometallics, 
29, 721-723 (2010).
Organic chemistry has been developed as that of second-row elements
such as carbon, oxygen, and nitrogen so far, while the synthesis and 
 iso lation of the heavier congeners of typical organic molecules as stable
compounds have been one of "dreams" for organic chemists. Our main
research interest is the elucidation of the similarities and 
differences in structures and reactivities between organic 
compounds and the corresponding heavier congeners. 
These studies are interesting and important from the 
standpoints of not only fundamental chemistry but also 








 Scope of Research
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Characteristic Reactivity of 
a Diaryl-substituted Disilyne
Recently, we have reported 
the synthesis and isolation of the
fi rst stable 1,2-diaryldisilyne,
Bbt–Si≡Si–Bbt, along with its
unique properties. Reaction of 
the disilyne with alkenes afford-
ed compounds having several
unique skeletons depending on 
the kind of  alkenes. Moreover, 
the disilyne showed high reactivity with alkynes, and 
both polar and non-polar alkynes reacted with it to give the 
corresponding 1,2-disilabenzenes as the major product. 
Crystal structure analysis showed that the central ring of the 
1,2-disilabenzene was almost planar, and most notably, the 
Si–Si bond has signifi cant trans-bent character. Evidence 
supporting its aromatic structure was collected by both 
experimental and theoretical means.
Synthesis and Properties of 
1,1’-Disila-4,4’-biphenyl
The 1,1′-disila-4,4′-biphenyl, the fi rst molecule bearing 
directly connected two silaaromatic rings, was synthesized 
by utilizing the steric protection afforded by Tbt groups and 
characterized by its spectroscopic and X-ray crystallo-
graphic data. Its two SiC5 rings are twisted with respect to 
each other with a dihedral angle of ca. 41º. The parent 
 biphenyl has a coplanar structure due to packing forces in 
the crystalline state, and its dihedral angles in solution or in 
the gas phase are ca. 45º. In the case of the disilabiphenyl, 
extremely bulky Tbt groups prevent intermolecular interac-
tions between the disilabiphenyl units, resulting in the 
retention of a distorted structure even in the solid state. Its 
UV-vis spectrum showed not only a red shift but also a 
6-fold increase in absorbance of the longest absorption 
maximum in its electronic spectra in comparison with those
of Tbt-substituted silabenzene, indicating that the concept 
of conjugation through the single bond connecting two aro-
matic rings is applicable even in the silaaromatic systems.
Synthesis and Properties of 
1,2-Dialkynyldisilenes
Recently, several new disilene (>Si=Si<) systems have
been designed and investigated to evaluate the conjugation 
between the Si=Si unit and the connected aryl sp2-carbon 
conjugated systems. Although those disilenes exhibited 
 optically and electrochemically unique properties, such
π-conjugated systems are structurally limited. Therefore, the
synthesis and isolation of the alkynyl-substituted disilenes,
the silicon analogues of enediynes, are attractive from the
viewpoint of elucidation of the conjugation between the
Si=Si and sp-carbon units. We synthesized and isolated the
first stable 1,2-dialkynyldisilenes and elucidated their 
 structures using X-ray crystallography. In their UV/vis spec-
tra, the absorption maximum of phenylethynyl-substituted 
disilene was more red-shifted than that of trimethylsilylethynyl-
substituted one, indicating the π-conjugation between the
Si=Si bond and phenyl groups through the C≡C bonds. Not-
withstanding the different energy levels of p- orbitals be-
tween Si=Si and C≡C bonds, these fi ndings showed that 
conjugation was possible between Si=Si and C≡C units.
Figure 2. Structure of 1,1’-Disila-4,4’-biphenyl.
Figure 1. Generation of 1,2-Disilabenzene by the Reaction of a Disilyne 
with Acetylene.
Figure 3. Structure of 1,2-Dialkynyldisilene.
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Prof DUNSCH, Lothar Leibniz Institute for Solid State and Materials Research Dresden, Germany, 27 October















Komatsu K, Murata M, Murata Y: Encapsulation of Molecular Hydrogen in Fullerene C60 by Organic Synthesis, Science, 307, 238-240 (2005).
Murata Y, Maeda S, Murata M, Komatsu K: Encapsulation and Dynamic Behavior of Two H2 Molecules in an  Open-Cage C70, J. Am. Chem. 
Soc., 130, 6702-6703 (2008).
Murata M, Maeda S, Morinaka Y, Murata Y, Komatsu K: Synthesis and Reaction of Fullerene C70 Encapsulating Two Molecules of H2, J. Am. 
Chem. Soc., 130, 15800-15801 (2008).
Morinaka Y, Tanabe F, Murata M, Murata Y, Komatsu K: Rational Synthesis, Enrichment, and 13C NMR Spectra of  Endohedral C60 and C70
Encapsulating a Helium Atom, Chem. Commun., 46, 4532-4534 (2010).
Job A, Wakamiya A, Kehr G, Erker G, Yamaguchi S: Electronic Tuning of Thiazolyl-Capped π-Conjugated Compounds via a Coordination/
Cyclization Protocol with B(C6F5)3, Org. Lett., 12, 5470-5473 (2010).
 Scope of Research
Fundamental studies are being conducted for creation of new functional π-systems with novel structures and properties, 
and for evaluation of their application as organic semi-conducting materials toward photovoltaic  devices. The major 
subjects are: organo-chemical transformation of fullerenes C60 and C70, specifi cally organic synthesis of endohedral 
 fulle renes by the technique of molecular surgery; generation of ionic fullerene species and their application for the 
 synthesis of functional  material;  synthesis 
of new carbon-rich materials by the use
of  transition metal  complex; creation of 
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Rational Synthesis of Endohedral C60 and 
C70 Encapsulating a Helium Atom
Encapsulation of a molecule or atom in a small space 
with sub-nanometer size is currently attracting wide inter-
ests from the view point of basic science as well as stor-
age purpose. Endohedral fullerenes encapsulating a small 
atom of rare gases such as helium, neon, argon, krypton, 
and xenon, are one of the most interesting systems among 
them. However, the generation of He@C60, Ar@C60, Kr@
C60, and Xe@C60 are so far relied on only high-pressure/
high-temperature treatment (650 °C and 3000 atm or re-
lated conditions) of empty fullerenes, and the occupation 
levels thus obtained are limited to less than 1%. To study 
the intrinsic properties of such materials, it is necessary to 
synthesize them with high occupation levels. In this study, 
we present a rational synthesis of He@C60 and He@C70 by 
insertion of He into cage-opened fullerene derivatives 
followed by closure of the opening with keeping the 
encapsulated He inside the fullerene cages. The highest 
occupation levels for He@C60 (30%) and He@C70
(30%) were realized for the fi rst time. Owing to the
high occupation levels, enrichment of He@C60 and
He@C70 became available, and more importantly, very 
weak interaction between the encapsulated He and 
fullerene cages were experimentally studied by 13C NMR 
and HPLC.
Additon of Grignard Reagents to Open-Cage
Fullerene Derivative
Research on fullerene derivatives with a large opening 
on the cage is of great signifi cance in developing a new 
synthetic method to encapsulate a variety of atoms or 
molecules inside the cage. Actually, by synthesizing a 
cage-opened C60 derivative with a 13-membered-ring 
opening, we have demonstrated quantitative insertion
of molecular hydrogen inside the cage through the 
opening and subsequent preparation of cage-closed C60
encapsulating H2, i.e., H2@C60. In the present study, we
have studied reactions of the cage-opened C60 derivative
with Grignard reagents and shown that 1,2-addition
 selectively took place at one of the two carbonyl groups
directly connected to the fullerenyl π-system at the opening.
The resulting alcohol derivative was found to undergo
transannular etherification under acidic conditions. In
 addition, electrochemical properties of the products were
evaluated. The results shown in this study are useful to
predict the reaction course of organometallic nucleophiles,
such as Grignard reagents, to cage-opened fullerene
 derivatives with carbonyl groups.
Electronic Tuning of Thiazolyl-Capped
π-Systems
In the molecular design of π-conjugated materials, the
modifi cation of the electronic structure is an important 
 issue to attain the required color absorption/emission, to
facilitate the charge injection from electrodes, or to
achieve ambipolar carrier transport, etc. On the other 
hand, C=N bond-containing π-conjugated systems, such
as thiazole, are widely used skeletons for organic
(opto)electronic materials owing to their inherent high
electron affi nity. As a new methodology for electronic
modification of the C=N bond-containing π-electron
 systems, we disclosed electronic tuning of thiazolyl-
capped π-conjugated compounds via a coordination/
cyclization protocol with B(C6F5)3. This electronic tuning
protocol effectively enhances an electron-accepting
character giving rise to lower reduction potentials and 
 increases thermal stability.
Figure 1. Synthesis of He@C60 and He@C70.
Figure 3. Electronic Tuning of Thiazolyl-Capped π-Conjugated Systems.
Figure 2. Reaction of the Open-cage C60 Derivative at the Rim of the
Opening.
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Kawabata T, Matsuda S, Kawakami S, Monguchi D, Moriyama K: Stereochemical Diversity in Asymmetric Cyclization via Memory of Chi-
rality, J. Am. Chem. Soc, 128, 15394-15395 (2006).
Kawabata T, Muramatsu W, Nishio T, Shibata T, Schedel H: A Catalytic One-Step Process for the Chemo- and Regioselective Acylation of Mono-
saccharides, J. Am. Chem. Soc., 129, 12890-12895 (2007).
Kawabata T, Moriyama K, Kawakami S, Tsubaki K: Powdered KOH in DMSO: An Effi cient Base for Asymmetric Cyclization via Memory
of Chirality at Ambient Temperature, J. Am. Chem. Soc., 130, 4153-4157 (2008).
Kawabata T, Jiang C, Hayashi K, Tsubaki K, Yoshimura T, Majumdar S, Sasamori T, Tokitoh N: Axially Chiral Binaphthyl Surrogates with an
Inner N-H-N Hydrogen Bond, J. Am. Chem. Soc., 131, 54-55 (2009).
Muramatsu W, Mishiro K, Ueda Y, Furuta T, Kawabata T: Perfectly Regioselective and Sequential Protection of Glucopyranosides , Eur. J.
Org. Chem., 5, 827-831 (2010).
 Scope of Research
The research interests of the laboratory include the development of advanced molecular transformation, total synthesis 
of biologically active products, and molecular recognition. Programs are active in the areas of asymmetric alkylation of 
carbonyl compounds based on “memory of chirality ”, organocatalysis for fi ne organic syntheses, synthesis of unusual 
amino acids and nitrogen heterocycles,  regioselective functionalization of carbohydrates, and the structural and functional 
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Functional Group Tolerance in Organocatalytic
Regioselective Acylation of Carbohydrates
Organocatalytic regioselective acylation of mono- and 
disaccharides with various functionalized acid anhydrides 
has been developed. Acylation of octyl β-D-glucopyranoside 
with acid anhydrides derived from α–amino acids, cinnamic 
acid, and gallic acid took place at C(4)-OH in 78-94% 
regioselectivity in the presence of  catalyst 1. Especially, a 
disaccharide with seven free hydroxy groups (X=OH, R’
=H) underwent acylation at C(4)-OH in 78% regioselec-
tivity in the presence of 1. The 4-O-acylates of the glucose 
moiety were universally obtained as the major acylate in 
the acylation of various carbohydrates with various func-
tionalized acid anhydrides. The functional group tolerance 
in the regioselective acylation catalyzed by 1 was found to 
be high. This seems surprising because the hydrogen-
bonding interactions (yellow rectangles) between C(6)- and 
C(3)-OH of the glucose moiety and the catalyst, which was 
proposed to be responsible for the selective 4-O-acylation, 
are supposed to be specifi cally operative even in the pres-
ence of many other hydrogen bond donors and acceptors 
(pink circles).
Perfectly Regioselective and Sequential 
Protection of Glucopyranosides
Regioselective manipulation of one of the multiple hy-
droxy groups of carbohydrates has been a fundamental 
challenge in organic synthesis. We have developed a per-
fectly regioselective and sequential method for the prepa-
ration of orthogonally protected glucopyranosides starting 
from alkyl and thioalkyl β-D-glucopyranosides. An acyl 
group was introduced at C(4)-OH by organocatalysis in 
>99% regioselectivity. TBDPS, Boc, and BOM groups were 
sequentially introduced into the 4-O-acyl-glucopyranoside 
at C(6)-OH, C(2)-OH, and C(3)-OH, respectively, in 
>99% regioselectivity in each step. Each of the protective
groups (PG1~PG4) was readily removed to give the corre-
sponding mono-ols with three different protective groups,
which are possible intermediates for the synthesis of 
 natural and modifi ed oligosaccharides.
Axially Chiral Binaphthyl Surrogates with a 
Metal Center Directly Connected the Chiral 
C-N Axis
Chiral binaphthyls have been extensively used in asym-
metric synthesis. In particular, metal complexes of 2,2’-
disubstituted-1,1’-binaphthyls (4) have been shown to be
extremely effective catalysts for a variety of asymmetric
transformations. While the catalytically active metal center 
(M) in 4 is located far from the chiral axis (C(1)-C(1’)) by
three bonds, it is quite effective for asymmetric induction
in many cases. The ultimate structure to minimize the dis-
tance between the metal center and the chiral axis is
shown as 5 and 6 in which a metal center (Al) is directly
connected to the chiral C(1’)-X axis. X-ray analysis of 6
indicates that the complex adopts a conformation similar 
to that of 1,1’-binaphthyls. The racemization barrier of 5
was determined to be 23.0 kcal/mol, which was found to
be higher by ~ 4 kcal/mol than the corresponding biaryl
amine precursor with an N-H-N hydrogen bond.
Figure 2. Preparation of an orthogonally protected glucose derivative by
regioselective and sequential introduction of protective groups. An acyl
group (PG1) was introduced at C(4)-OH by organocatalyst 1 with >99%
regioselectivity. TBDPS (PG2), Boc (PG3), and BOM (PG4) groups were
sequentially introduced at C(6)-OH, C(2)-OH, and C(3)-OH, respectively, 
in >99% regioselectivity and >98% yield in each step.
Figure 3. The racemization barrier of axially chiral binaphthyl surrogate
5 increased by ~4 kcal/mol compared to the corresponding biaryl amine
precursor with an inner N-H-N hydrogen bond. (a) Top view (left) and 
(b) side view (right) of X-ray structure of 6.
Figure 1. An organocatalytic regioselective acylation at C(4)-OH with 
functionalized acid anhydrides proceeds in the presence of other func-
tional groups (pink circles) via specifi c hydrogen bonding interactions 
(yellow rectangles) between the catalyst and the substrates.
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Kinetic and mechanistic analyses are made for better understandings of the chemical and physicochemical reactions
occurring in polymerization systems and for better routes to the synthesis of well-defi ned polymers. By various
polymerization techniques, in particular, living polymerizations, new well-defi ned polymers or polymer assemblies are
prepared, and their structure/properties relationships are precisely analyzed. Projects in progress include: (1) Kinetics and 
mechanisms of living radical polymerization (LRP). (2) Synthesis of new polymeric materials by living polymerizations
and their structure/properties studies. (3) Synthesis, properties, and applications of concentrated polymer brushes (CPB).
 Scope of Research
Topics
11ICR ANNUAL REPORT, 2010
Novel Gels of Bottle Brushes Synthesized by
Living Radical Polymerization
Successful application of living radical polymerization 
(LRP) made it possible to fabricate well-defi ned “concen-
trated” polymer brushes (CPBs), where graft chains in a 
good solvent were highly stretched, giving properties 
quite different and unpredictable from those of semi-dilute 
polymer brushes (SDPB). One of the most interesting 
properties of CPBs is the super lubrication in solvents, 
which was reasonably ascribed to CPBs never mixing 
with each other at any high compressions for the confor-
mational entropic reason of highly extended chains. Such 
demixing or non-interpenetrating interaction can be ex-
pected also for comb-like polymers, so-called bottle 
brushes, depending on side-chain length; with increasing 
chain length, the effective graft density at the outermost 
surface should decrease through a crossover in brush 
regime from CPB to SDPB. In order to demonstrate this, 
we have synthesized well-defined bottle brushes of 
 polystyrene (PS) with a high side-chain density by LRP 
with a multi-functional initiator and crosslinking them by 
coupling between radicals at side-chain ends as illustrated 
in Figure 1. Frictional measurement using an atomic force 
microscope revealed that the lubrication property was much 
improved on the gel surface by decreasing the side-chain 
molecular weight from 5600 to 1300 (see Figure 1), as 
expected . We believe that these studies will open up a new 
route to precision surface modifi cation.
A Versatile Method of Initiator Fixation for 
Surface-Initiated Living Radical
Polymerization on Polymeric Substrates
A facile yet robust approach to chemically fi x an initi-
ating group for atom transfer radical polymerization (ATRP)
on various polymeric substrates was investigated. Con-
ventional free radical copolymerization was conducted with 
methyl methacrylate (MMA), 2-(2-bromoisobutyryloxy)
ethyl methacrylate (an ATRP initiator-carrying monomer,
BIEM), and 2-((4-azidobenzoyl)oxy)ethyl methacrylate 
(a photoreactive phenylazide-carrying monomer, ABEM)
in N,N-dimethylformamide at 75 oC, giving a random 
(statistical ) copolymer (AIP). Thin fi lms of the obtained 
 copolymer were fabricated on poly(ethylene terephthalate) 
(PET) fi lm surface by spin-casting a toluene solution of 
the terpolymer and were immobilized on the PET sub-
strate via UV-irradiation using the photoreactivity of the
phenylazido units. The surface-initiated ATRP (SI-ATRP)
of poly(ethylene glycol) methacrylate (PEGMA) mediated 
by a copper complex was carried out in water at 30 oC
in the presence of a sacrifi cial (free) initiator and the 
 initiator-immobilized PET fi lm as the solid substrate. The
polymerization proceeded in a living fashion. The molecu-
lar weight of free polymer increased with polymerization
time while retaining low-polydispersity index, and more
importantly, the thickness of the poly(PEGMA) graft layer 
increased as a function of polymerization time with a re-
duced graft density (surface occupancy) as high as 0.5 in
all examined time. This initiator immobilization technique
was applied to various polymeric substrates including
polystyrene, polypropylene, polyethylene, and polylactide.
The fabrication of micropatterned polymer-brush surfaces
was also demonstrated by photo-patterning the initiator 
layer followed by SI-ATRP.
Figure 1. Synthesis of newly-designed gels of well-defined bottle 
 brushes by LRP. Figure 2. Chemical structure of phenyl azide- and atom transfer radical
polymerization (ATRP) initiator-carrying random copolymer (AIP) and 
schematic representation for the immobilization of AIP on polymeric
substrate followed by surface-initiated ATRP.
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 Scope of Research
Synthesis of structurally well-defi ned macromolecules has attracted great deal of attention, because such molecules 
would clarify structure-property relationship of polymers and lead to the development of new functional materials. Our 
 research program focuses on development of new synthetic methods, which enable precise control of polymers and oligo-
mers in terms of their size and structure. One such topic is the  development of new living radical polymerization method 
utilizing  heavier heteroatom compounds as controlling agents. The other topic is the synthesis of  cycloparaphenylenes, 
hoop-shaped π-conjugated molecules, based on new syn-
thetic strategy. We also study various polymer condensed 
states by both static and dynamic methods to understand 
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Novel Synthetic Strategy of 
Cycloparaphenylenes
Cycloparaphenylenes are hoop-shaped π-conjugated 
molecules consisting from p-disubstituted benzene rings, and 
are the simplest structural unit of armchair carbon nanotubes. 
Due to their unique structure associated with expected unique 
properties, they have attracted the attention of various dis-
ciplines ranging from basic chemistry to material science. 
However, although they have a simple structure, their syn-
thesis has been a signifi cant challenge. We have succeeded 
in the selective synthesis of [8]cycloparaphenylene based 
on a new synthetic strategy (Figure 1).
Hybrid Polymerization Method Mediated by
Organotellurium Compounds
Living radical polymerization has become an indispen-
sable method for the controlled synthesis of functionalized 
polymers, but applicability of this method is still limited 
to the certain class of vinyl monomers. We have already
reported that organotellurium compounds are excellent 
controlling agents for living radical polymerization. Now
we found that they also serve as efficient controlling
agents for living cationic polymerization. Furthermore,
living polymers, such as poly(meth)acrylates, prepared by
organotellurium-mediated living radical polymerization
were used for living cationic polymerization of vinyl
ethers (Figure 2). This method enables access to new
 hybrid copolymers, which are diffi cult to synthesize by
other methods.
Figure 2. Synthesis of hybrid block copolymers by successive living 
radical and cationic polymerizations.
Figure 1. (a) Synthetic route, (b) computer-generated structure, and 
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In this laboratory, amorphous, polycrystalline inorganic materials and 
organic-inorganic hybrid materials with various optical functions such as
photorefractivity, photolumionescence and photocatalysis are the target 
materials, which are synthesized by metathesis, sol-gel, melt-quenching
and sintering methods and so on. Aiming at highly functional materials
the structure-property relationship is investigated by X-ray diffraction
techniques, high-resoluction NMR, thermal analysis, various laser 
 spectroscopies and quantum chemical calculations.
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D-1 Structure Engineering of Organic-
inorganic Hybrid Material by Solventless
Synthesis
Organic-inorganic hybrid materials are potential candi-
dates for use in the fabrication of electronic and photonic 
devices with high functionality because these materials 
can be processed easily and have a high solubility of 
functional molecules. Such materials are frequently pre-
pared by using a sol-gel method because of their composi-
tion selectivity and low-temperature process. However, the 
sol-gel process is sometimes complicated, and it is diffi -
cult to obtain a monolith because of the crack formation 
during solvent evaporation.
Recently, another synthesis route for organic-inorganic 
hybrids, involving solventless reactions using orthophosphoric 
acid and organically modifi ed silanes, has been developed. 
In this process the following metathesis occurs on heating: 
Si–X + P–OH → Si–O–P + HX↑ (X = Cl, ethoxy), where 
groups that do not participate in this reaction are omitted 
from the reaction formula. This reaction proceeds with 
eliminations of HX because the reaction temperature is 
near/above the boiling point of HX. Because of the 
absence of solvent evaporation, a transparent, crack-free, 
large, hybrid monolith can be produced simply by mixing 
the starting reagents, followed by heat-treatment.
We have developed a new class of proton-conducting 
organic–inorganic hybrid silicophosphite membranes, 
produced by ethanol condensation under solventless and 
one-pot conditions. The membranes exhibit good thermal 
stability up to intermediate temperatures (~218 °C). Struc-
tural analyses using 29Si and 31P NMR spectroscopy and 
IR measurements have revealed that ethanol condensation 
produced an inorganic alternating copolymer structure,
Si–O–P, with a phosphole group, and successive polymer-
ization enabled these structures to connect with each
 other. In this way, it is possible to achieve structure engi-
neering of inorganic–organic networks. The proton con-
ductivities of the hybrids are as high as 5.2 × 10–3 S cm−1
at 85 °C under 80% relative humidity.
D-2 Fabrication of Rare Earth Free White 
Glass Phosphor
Recently, the three-band lamps consisting of rare earth
(RE)-doped blue, red, and green phosphors and the white
light emitting diode (LED) basically consisting of blue-
LED and yellow phosphor, such as Y3Al5O12:Ce
3+ have
been commercially available. However, these white emit-
ting devices consisting of sharp emission bands possess
lower colour rendering than the conventional broad band 
emission device. In addition, RE-free material will be
 required from a view point of uneven distribution of RE
on earth. Here, our group has emphasized that white
 emission constituted of various kinds of wavelength can
be attained by RE-free phosphor, such as Sb3+,Mn2+-doped 
calcium halophosphate, (Ca5(PO4)3(F,Cl):Sb
3+,Mn2+).
 Although the emission of the calcium halophosphate
 possesses two broad emission bands, these emission 
bands are inherently fi xed because of the crystal structure.
On the other hand, it is more hopeful that amorphous
 oxide glass material will show white light without 
RE  cation, because it is possible to tune the various 
 coordination fields of the emission centre. If a glass
 material  without RE cation shows the high emission 
 property  comparable to the crystalline phosphor, it will
become a novel emitting material possessing wide chem-
ical composition or good formability that can be applied 
to the industrial manufacturing. Such an emitting material
is quite  different from the conventional RE-doped crystal-
line phosphor. Recently, we have succeeded in preparing
the Sn-doped transparent glass possessing high quantum
 effi ciency ever reported. Our group is aiming at devel-
oping a novel white glass phosphor for UV LED.
Figure 1. Photograph of an organic-inorganic hybrid phosphosilicate 
membrane. Crack-free and large-sized membranes can be prepared.
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The conventional electronics utilizes only the “charge” of electrons,
while the traditional magnetic devices use only “spin” degree of freedom
of electrons. Aiming at the complete control of both charge and spin in
single solid-state devices, a new fi eld called spintronics is rapidly devel-
oping and impacting on informa-
tion technology. By combining the 
atomic-layer deposition with nano-
fabrication, we focus on the devel-
opment of spin properties of various 
materials and the control of quan-
tum effects in mesoscopic systems 
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Spin-wave Manipulation
Spin-wave-based devices for signal processing have 
been of great interest for the spintronic integrated
circuits in virtue of ultrafast propagation and low power 
con sumption. In FeNi film, the magnetostatic surface 
wave (MSSW) is the promising mode due to its large 
propagation velocity and a nonreciprocal character which 
was also observed a long time ago in yttrium iron garnet 
films. We demonstrate the nonreciprocal emission of 
spin-wave packet in FeNi thin fi lm in time domain. We
show that the amplitude of spin wave depends on the 
direction of magnetization and that the phase of spin 
wave can be  controlled by the polarity of pulsed magnetic 
fi eld for the excitation. Our fi ndings lead to the simple 
method of logical inputs of "1"/"0" into the spin-wave 
logic circuit.
Fluctuation Theorem in Quantum Regime
The linear-response theory, which is one of the tri-
umphs in physics, was proposed in 1950’s. Triggered by
Einstein’s work on the Brownian motion followed by the
Johnson-Nyquist relation in an electrical circuit, the
 fl uctuation-dissipation relation has been developed into
the linear-response theory, which successfully relates a
macroscopic irreversible process with underlying micro-
scopic reversible equation of motion. The theory is now
well-established as a standard tool to quantitatively
 predict the response of a variety of physical systems, and 
constitutes a reliable foundation in a wide range of 
 physics, especially in statistical physics and condensed-
matter physics. However, it is only justifi ed very close to
the equilibrium, and therefore an intensive attempt to
 expand the theory to non-equilibrium regime has been
 conducted for about half a century. In 1990’s, the fl uctua-
tion theorem (FT), which is validated even far from equi-
librium, was discovered. While there is an experimental
demonstration of its validity in a classical regime, the
 validity of FT in the quantum regime was left to be
 addressed. We experimentally demonstrate the presence of 
higher-order correlations between the current and the
 current noise in a mesoscopic electron interferometer,
which corresponds to the next order correlation following
to the Johnson-Nyqusit relation. Our results qualitatively
validate the predictions based on FT, being the first 
 experimental evidence of FT in the non-equilibrium
 quantum regime.
Figure 1. Schematic of time-resolved measurements of spin wave packet. 
A spin wave packet is generated and detected with a pair of asymmetric 
coplanar stripe with a gap.
Figure 2. The atomic force microscope image of the mesoscopic electron 
interferometer, where our experimental test of FT was performed. The
measurement setup is schematically shown.
18 TOPICS  AND  INTRODUCTORY  COLUMNS  OF  LABORATORIES
Division of Biochemistry





































Prof  GARIÉPY, Jean  Department of Medical Biophysics, University of Toronto, Princess Margaret Hospital, 
Ontario  Cancer Institute, Canada, 24 August 
Prof  GRÄSLUND, Astrid Department of Biochemistry and Biophysics, Stockholm University, Sweden, 2 November 
FATEMEH, Madani Department of Biochemistry and Biophysics, Stockholm University, Sweden, 2 November 
Dr  LINDBERG, Staffan Department of Neurochemistry, Stockholm University, Sweden, 2 November 
Prof  GIRALT, Ernest Institute for Research in Biomedicine Parc Cientifi c de Barcelona, Spain, 2–13 December 
Selected Publications
Yu HH, Nakase I, Pujals S, Hirose H, Tanaka G, Katayama S, Imanishi M, Futaki S: Expressed Protein Ligation for the Preparation of Fusion 
Proteins with Cell Penetrating Peptides for Endotoxin Removal and Intracellular Delivery, Biochim Biophys Acta, 1798, 2249-2257 (2010).
Noshiro D, Asami K, Futaki S: Metal-assisted Channel Stabilization: Disposition of a Single Histidine on the N-terminus of Alamethicin 
Yields Channels with Extraordinarily Long Lifetimes, Biophys J, 98, 1801-1808 (2010).
Nakase I, Kobayashi S, Futaki S: Endosome-disruptive Peptides for Improving Cytosolic Delivery of Bioactive Macromolecules,
Biopolymers, 94, 763-770 (2010).
Imanishi M, Nakaya T, Morisaki T, Noshiro D, Futaki S, Sugiura Y: Metal-stimulated Regulation of Transcription by an Artifi cial Zinc-fi nger 






The ultimate goal of our research is the regulation of cellular functions by designed peptides and proteins. Current 
research subjects include (1) development of novel intracellular delivery systems aiming at elucidation and control of 
cellular functions using designed membrane permeable peptide vectors, (2) elucidation of the DNA binding and 
recognition modes of C2H2-type zinc finger proteins and design of 
artifi cial transcription factors with various DNA binding specifi cities, and 
(3) design of stimulation-responsible artifi cial peptides and proteins.
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Metal-Assisted Channel Stabilization: 
Disposition of a Single Histidine on the 
N-terminus of Alamethicin Yields Channels
with Extraordinarily Long Lifetimes
Alamethicin, a member of the peptaibol family of anti-
biotics, is a typical channel-forming peptide with a helical 
structure. The self-assembly of the peptide in the mem-
branes yields voltage-dependent channels. The channels 
are characterized by frequent fl uctuation of several current 
levels due to spontaneous uptake and release of alamethicin 
molecules into/from the channel assembly. Because certain 
classes of biological ion channels, including the nicotinic 
acetylcholine receptor (nAChR), have parallel bundles of 
amphipathic α-helices around the channel pores, alamethicin 
has been studied as a simplifi ed model of such channel 
proteins and has been employed as an appropriate frame-
work for creating artifi cial ion channels. In this study, 
three alamethicin analogs possessing a charged residue 
(His, Lys or Glu) on their N-termini were designed with 
the expectation of stabilizing the transmembrane structure 
(Figure 1). A slight elongation of channel lifetime was 
observed for the Lys and Glu analogs. On the other hand, 
extensive stabilization of certain channel open states was 
observed for the His analog. This stabilization was pre-
dominantly observed in the presence of metal ions such as 
ZnII, suggesting that metal coordination with His facili-
tates the formation of a supramolecular assembly in the 
membranes. Channel stability was greatly diminished by 
acetylation of the N-terminal amino group, indicating that 
the N-terminal amino group also plays an important role 
in metal coordination. In addition, the potential applicability 
of the His analog channel to metal sensing was also 
demonstrated .
Metal-Stimulated Regulation of 
Transcription by an Artifi cial Zinc-Finger 
Protein
The regulation of the gene expression of specifi c genes
at a desired time opens attractive avenues for research in
chemical biology, cell biology, and future gene therapy. A 
C2H2-type zinc fi nger motif, one of the most ubiquitous
DNA binding motifs, binds a zinc ion with two conserved 
cysteine (Cys: C) and two histidine (His: H) residues. ZnII
binding is necessary for the proper folding of the peptides
into the globular ββα structure and for the DNA binding
ability. The binding between a typical C2H2-type zinc
fi nger peptide and ZnII is extremely stable. Such C2H2-
type zinc fi ngers always preserve the ZnII ions inside the
cells and thus, it is diffi cult to control their DNA binding
ability by changing the ZnII concentration. By substituting
zinc-ligating residue(s) of a C2H2-type zinc finger 
 motif, we expected that the binding affi nity to ZnII would 
decrease and that the DNA binding ability of the peptide
can eventually be controlled by changes in the ZnII concen-
tration (Figure 2). By substituting zinc-ligating residue(s)
to CDH2-type, we succeeded in controlling the DNA 
binding and transcriptional ability of the peptide in re-
sponse to changes in the ZnII concentration. This zinc
 finger-based system has the bright prospect of an
 important prototype for the design of metal-responsive
 artifi cial transcriptional switches.
Figure 1. Schematic representation of channel formation of the His 
analog of alamethicin in the membrane.
Figure 2. Zn(II) concentration responsive DNA binding of a ligand 
substituted zinc fi nger protein, CDH2-ZF3.
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Our research interests are the molecular design and synthesis of 
 specifi c inhibitors of physiologically important enzymes (biocatalysts) 
for use as chemical probes to understand the reaction mechanisms, 
three-dimensional structures and physiological roles of the enzymes. 
The fi nely designed inhibitors are further elaborated to develop useful 
in vivo active biochemical reagents and the lead compounds for 
 pharmaceuticals and  agrochemicals. Our current research includes the 
design, synthesis and applications of transition-state analog and mech-
anism-based  inhibitors of the key enzymes in glutathione homeostasis, 
asparagine synthesis, and the acyl-activating enzyme superfamily that 
plays pivotal roles in plant hormone homeostasis, secondary metabo-
lite biosynthesis and β-oxidation of fatty acids. The synthesis and 
 evaluation of substrates and inhibitors of ABC transporters and the 
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Design, Synthesis and Applications of Specifi c 
Inhibitors of γ-Glutamylcysteine Synthetase 
and γ-Glutamyl Transpeptidase for 
Modulating Cellular Redox Status
Glutathione (GSH, γ-Glu-Cys-Gly) is an ubiquitous 
tripeptide found in many organisms, and plays central 
roles in the redox status of cells not only by detoxifi cation 
of reactive oxygen species, but also by regulating the 
transcription of specific genes such as phase II anti-
oxidant enzymes. We are interested in regulating the 
cellular GSH level that leads to the modulation of cellular 
redox status by controlling the activities of its biosynthetic 
enzyme, γ-glutamylcysteine synthetase (GCS), and its 
metabolic enzyme, γ-glutamyl transpeptidase (GGT), by 
using specifi c inhibitors (Figure 1). The compound 1, 
designed as a transition-state analog, was found to serve 
as a potent mechanism-based inhibitor of GCS. The X-ray 
crystal structure of E. coli GCS in complex with 1 (Figure 
2) revealed that the carboxy group (blue) as well as the 
side chain (magenta) is critical for the recognition by 
GCS, thereby the inhibition potency of 1 being 500-times 
higher than a classical GCS inhibitor, BSO, lacking the 
carboxy group. Furthermore, the introduction of a cyano 
group (compound 2) as a mimic of SH further increased 
the inhibition potency by 31 and 55 times for the E. coli
and the pathogenic Streptococcus agalactiae GCS, respec-
tively. Notably, the inhibition potency of 2 is signifi cantly 
higher (10,000 times) than BSO for the latter enzyme. The 
negatively charged carboxy group, however, appears to 
hinder the penetration of 1 and 2 through the cell mem-
brane. Therefore a series of dipeptide-based inhibitors 3
was prepared for active transport through bacterial peptide 
transporters. This aspect of study is now under way to 
develop novel pharmaceuticals to combat multi-drug 
resistant pathogenic bacteria.
In glutathione biosynthesis, another limiting factor is 
the availability of Cys. γ-Glutamyl transpeptidase (GGT)
is a key enzyme in supplying the cells with Cys by cleaving
the γ-glutamyl bond of GSH, as well as in degrading GSH
conjugates for detoxifi cation. We have developed a series
of phosphonate-based inactivators of GGT and found that 
a glutathione-like inhibitor 4 was highly efficient for 
human GGT. In light of the specifi c recognition of the
C-terminal carboxy group by human GGT, a simplifi ed 
peptide analog 5 was prepared and found to be a highly
potent inactivator of human GGT. The inhibitor 5 was
specifi c for GGT, non-toxic and rather stable compound,
serving as a useful biochemical reagent to knock down
GGT in vivo. Interestingly, compound 5 significantly
increased the biosynthesis of collagen I of human skin
fi broblasts and can be used, for example, as a novel anti-
aging cosmetic ingredient.
Figure 1. Biosynthesis, reaction and metabolism of glutathione (GSH) in 
cell. The specifi c inhibitors of GCS and GGT are shown (red squares).
Figure 2. X-Ray crystal structure of the Cys binding site of E. coli GCS
in complex with 1.
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This laboratory aims at clarifying molecular bases of regulatory
 mechanisms for plant development, especially plant morphogenesis, with
techniques of forward and reverse genetics, molecular biology, and 
 biochemistry. Current major subjects are phospholipid signalings in cell
morphogenesis, the transcriptional network for cytokinin responses,
COP9 signalosome modulating signal transduction in the nuclei, and the
endoreduplication cell cycle in cell differentiation.
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Mechanism Fixing and Sustaining the 
Polarity of Plant Cells
Root hairs have been used as a model system for 
studying molecular mechanisms involved in plant cell 
morphogenesis, because of their accessibility for experi-
mental  observation and a wide variety of their mutants. 
Root hairs are cellular protuberances resulting from the 
polar outgrowth of specifi c root epidermal cells called 
tricoblasts (Figure1). During root hair morphogenesis, a 
bulge is  initially formed at the distal end on the outer 
tricoblast surface, the fi xed position through a mech-
anism for  planar polarity. Subsequently, the bulge pro-
trudes further, perpendicular to the root surface, by highly 
polarized cell expansion, resulting in a thin cylindrical 
structure. This type of cell expansion is called tip growth, 
because all of the events involved in the growth, including 
cell wall and plasma membrane synthesis, are limited to 
the tip.
Once root hair tip growth begins, the polarity is strictly 
sustained, resulting in straight root hairs without branches. 
We hypothesized a mechanism for sustaining this highly 
polarized growth, which can not only localize events 
underlying cell expansion to the tip continuously but also 
maintain its own localization at the tip against the diffu-
sion concomitant with cell expansion. This mechanism is 
possibly involved also in the planar polarity fixation, 
where regulatory factors for tip growth should be recruited 
to the locus of bulge initiation with a peaky pattern.
Of the regulatory factors identifi ed so far for root hair 
tip growth in Arabidopsis thaliana, Rho-type GTPase of 
plants (ROP) and phosphatidylinositol 4-phosphate
5- kinase (PIP5K) are known to function positively. We
found that PIP5K3 localizes to the bulge-expected posi-
tion on the apical plasma membrane of tricoblasts similar 
to ROP2 (Figure 2). When both PIP5K3 and ROP2 were
overexpressed in developing root hairs, synergistic effects
on thier morphgenesis were observed; root hairs were ab-
normally elongated and branched (Figure 3). We  assume
that ROPs and phosphatidylinositol 4,5-bisphosphate
 produced by PIP5Ks are involved in the mechanism for 
sustaining the root hair tip growth.
Figure 3. ROP2 overexpression caused slightly longer root hairs than
normal (left panel). Additional overexpression of PIP5K3 resulted in
even longer and branched root hairs (right panel). Bar = 20 μm.
Figure 2. PIP5K3-YFP fusion protein driven by the PIP5K3 promoter 
localized not only to apices of bulges (upper panels), but also to appar-
ently fl at sites where bulges were expected to appear (indicated by ar-
rows in lower panels). Bar = 20 μm.
Figure 1. Root of Arabidopsis thaliana. A main root of a young seedling 
with root hairs is shown. Bar = 1 mm.
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Chemical biology is often defi ned as “chemistry-initiated biology,” in
which scientists start with chemistry and end up understanding biology by
utilizing chemical tools. Our laboratory has been discovering or designing
small-molecule tools that modulate fundamental processes in human
cells. Such small organic molecules often serve as tools for 
basic cell  biology and/or for cell therapy. Discovery or 
 design of small molecules with unique biological activity 
permits small-molecule initiated exploration of complex cel-
lular events, and may also  contribute to the realization of cell 
therapy. Although our primary goal is to provide chemical 
tools for biological investigations, we also hope to open new 
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Mechanism of Action of Marine Natural
Product Aurilide
Aurilide is a potent cytotoxic marine natural product 
that induces apoptosis in cultured human cells at the pM 
to nM range; however, its mechanism of action has been 
unknown. Results of the present study showed that 
aurilide selectively binds to prohibitin 1 (PHB1) in the 
mitochondria, activating the proteolytic processing of 
optic  atrophy 1 (OPA1), and resulting in mitochondria- 
induced apoptosis. The mechanism of aurilide cytotoxicity 
suggests that PHB1 is an apoptosis-regulating protein ame-
nable to modulation by small molecules. Aurilide may serve 
as a small-molecule tool for studies of mitochondrion- 
induced apoptosis.
Fatostatin, A Small Molecule that Blocks Fat
Synthesis
Sterol regulatory element binding proteins (SREBPs) are 
transcription factors that activate transcription of the genes 
involved in cholesterol and fatty acid biosynthesis. In the present 
study, we show that a small synthetic molecule we previously 
discovered to block adipogenesis is an inhibitor of the SREBP 
activation. The diarylthiazole derivative, now called fatostatin, 
impairs the activation process of SREBPs, thereby decreasing 
the transcription of lipogenic genes in cells. Our analysis  suggests 
that fatostatin inhibits the ER-Golgi translocation of SREBPs 
through binding to their escort protein, the SREBP cleavage- 
activating protein (SCAP), at a distinct site from the sterol- 
binding domain. Fatostatin blocked increases in body weight, 
blood glucose, and hepatic fat accumulation in obese ob/ob mice, 
even under uncontrolled food intake. Fatostatin may serve as a 
tool for gaining further insights into the regulationof SREBP.
Adhesamine, A Dumbbell-Shaped Small 
Molecule that Promotes Cell Adhesion and
Growth
During an image-based phenotype screening of our 
chemical library, we noted a small molecule that boosts
the adhesion and growth of human cells. Chemical and 
cell biological experiments suggest that the diaryldispiro-
tripiperazine derivative (adhesamine) targets selective cell-
surface glycosaminoglycans, especially heparan sulfate,
for increasing cell adhesion and growth. The addition of 
adhesamine to the culture medium enables the adhesion of 
even fl oating lymphocytes to cell culture plates and the
microinjection into them. Unlike poly-Llysine, adhesamine
induces apparently normal cell adhesion accompanied by
organized actin structures and activation of focal adhesion
kinase and ERK1/2 mitogen-activated protein kinases.
Adhesamine may be useful as a cell-attaching reagent for 
cell engineering and basic cell biology.
Wrenchnolol Derivative Optimized for Gene
Activation in Cells
Naturally occurring transcription factors usually have
two independent domains, a DNA-binding domain and an
activation domain. In designing a synthetic small molecule
that mimics a transcription factor,each of the two domains
needs to be replaced by small-molecule counterparts. Results
of the present study show that derivatives of wrenchnolol,
a synthetic molecule that interacts with Sur-2 coactivator,
serve as activation modules and stimulate gene transcrip-
tion in vitro and in cells when tethered to a DNA-binding
molecule. Thirteen derivatives of wrenchnolol were
chemically synthesized and tested for their ability to
 activate transcription in vitro and in cells. When tethered 
to the GAL4 DNA-binding domain, one derivative increased 
transcription of a GAL4-responsive reporter gene in cells
9-fold. This optimized derivative also induced up to 45%
myogenesis of C2C12 cells when tethered to the DNA-
binding domain of myogenic transcription factor MyoD.
This optimized derivative may serve as a starting point for 
designing biological tools or components of fully synthetic
transcription factors that permit selective up-regulation of 
genes.
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Our research target is to develop high-performance organic electro luminescence devices, organic solar cells, and 
polymer materials. For the purpose, we have carried out syntheses, device fabrications, precise structure characterizations, 
and quantum chemical calculations for high functional organic materials. Along with exploring novel  synthetic routes 
and novel devices, detailed analyses of structures and dynamics are  performed mainly by sophisticated solid-state NMR 
spectroscopy in order to obtain structure- dynamics-property relationships.
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Revealing Bipolar Charge-Transport 
Property of 4,4'-N,N'-dicarbazolylbiphenyl 
(CBP) by Quantum Chemical Calculations
4,4'-N,N '-dicarbazolylbiphenyl (CBP) has both the hole- 
and electron-transport ability, that is, bipolar charge-transport 
property, and has been widely used for organic light-emitting 
diodes (OLEDs). In this study, we explain the bipolar 
charge-transport property of CBP by quantum chemical 
calculations for the crystal. Both the reorganization ener-
gies and the charge transfer integrals were investigated, 
and charge-transfer rate constants were calculated based 
on Marcus theory. The hole- and electron-transfer rate 
constants thus calculated were found to be similar in 
magnitude . This is in sharp contrast with the case of a 
structurally similar but a poor electron-transport material, 
N, N ’-diphenyl-N, N ’-di(m-tolyl)benzidine (TPD), for 
which the hole-transfer rate constants were calculated to 
be much larger than the electron-transfer rate constants. 
From the detailed analysis of the charge transfer integrals 
for CBP, it was found that holes transfer through all the 
segments of the molecules, using the delocalized HOMO 
over the whole molecule as in the case of TPD. On the 
other hand, electrons transfer advantageously through the 
delocalized LUMO on the carbazole moieties of CBP, 
which have close intermolecular contacts. The LUMO of 
TPD localizes on the central biphenylene moiety, resulting 
in small electron transfer integrals. The results clearly 
show the difference of the electron-transport property 
between CBP and TPD.
Phenols and Carbon Compounds as Effi cient
Organic Catalysts for Living Radical 
Polymerization
Simple phenols and hydrocarbons were successfully
used as novel and effi cient organic catalysts for reversible
chain transfer catalyzed living radical polymerization
(RTCP). This is the fi rst use of oxygen- and carbon-centered 
compounds as catalysts of living radical polymerization.
Low-polydispersity polystyrenes and polymethacrylates
with predicted molecular weight were obtained with a
fairly high conversion in a fairly short time. The catalysts
include such common compounds as phenol itself, phenol-
based antioxidants for foods and resins (e.g., 3,5-di-t-butyl-
4-hydroxytoluene (BHT)), phenol-based natural antioxidants
(e.g., vitamin E), and dienes (e.g., 1,4-cyclohexadiene).
Their commonness (hence low cost) and environmental
safety may be attractive for practical applications. They
also exhibited good tolerance to functional groups, being
useful to a variety of functional monomers.
Figure 1. Structures of CBP and TPB and the charge transfer rate constants. Figure 2. Plots of molecular weight (Mn) and molecular weight distribu-
tion (Mw/Mn) vs monomer conversion for a polymerization of methyl
methacrylate with 1,4-cyclohexadiene (carbon-centered catalyst).
28 TOPICS  AND  INTRODUCTORY  COLUMNS  OF  LABORATORIES
Division of Environmental Chemistry















Dr BHUSHAN, Ravi Physical Research Laboratory, India, 9 November 
Students







VU, Thi Dieu Huong (M1)
Selected Publications
Li YH, Sohrin Y, Takamatsu T: Lake Biwa and the Ocean: Geochemical Similarity and Difference, Limnology, DOI: 10.1007/s10201-010-0326-0 
(2010).
Minami T, Higo E, Nakatsuka S, Cid AP, Vu TDH, Norisuye K, Sohrin Y: Development of the Multielemental Determination Method for 
Bioactive Trace Metals in Open Ocean Seawater and Its Application to International Intercalibration, Bunseki Kagaku, 59, 1087-1096 (2010) 
(in Japanese).
Nakatsuka S, Okamura K, Takeda S, Nishioka J, Firdaus ML, Norisuye K, Sohrin Y: Behaviors of Dissolved and Particulate Co, Ni, Cu, Zn, 
Cd and Pb during a Mesoscale Fe-enrichment Experiment (SEEDS II) in the Western North Pacifi c, Deep-Sea Research II, 56, 2822-2838 
(2009).
Nakagawa Y, Firdaus ML, Norisuye K, Sohrin Y, Irisawa K, Hirata T: Precise Isotopic Analysis of Mo in Seawater Using Multiple 
 Collector-Inductively Coupled Mass Spectrometry Coupled with a Chelating Resin Column Preconcentration Method, Analytical Chemistry, 
80, 9213-9219 (2008).
Sohrin Y, Urushihara S, Nakatsuka S, Kono T, Higo E, Minami T, Norisuye K, Umetani S: Multielemental Determination of GEOTRACES 
Key Trace Metals in Seawater by ICPMS after Preconcentration Using an Ethylenediaminetriacetic Acid Chelating Resin, Analytical 
 Chemistry, 80, 6267-6273 (2008).
 Scope of Research
(i) Biogeochemistry of trace elements in the hydrosphere: Novel analytical methods are developed for trace metals 
and isotopes. Distribution of trace elements in the hydrosphere and its effects on ecosystem are investigated . The study 
also covers hydrothermal activity, deep biosphere and paleocean.
(ii) Ion recognition: Novel ligands and ion recognition systems are designed , synthesized and characterized.
[left] The last work day of Assist Prof Firdaus on 29 September 2010.
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Lake Biwa and the Ocean: 
Geochemical Similarity and Difference
The average compositions of water, bottom sediments, 
Mn crusts and Mn concretions from Lake Biwa are re-
examined , in conjunction with those of seawater, oceanic 
pelagic clay, and deep-sea Mn nodules. The purpose is to 
gain additional insights into the geochemical behaviors of 
elements in Lake Biwa and the ocean, which are quite 
different in ionic strength, pH, water residence times, 
sediment accumulation rates, carbon fl uxes to sediments, 
and the redox potential in sediments. Excluding a few milli-
meters of oxic surface sediment, there is no appreciable 
accumulation of Mn in the Lake Biwa bottom sediments, 
due to reducing condition there. Consequently, other 
B-type cations (such as Fe, Ga, Cu, Pb, Co, Sn, and Bi; 
with sub-shell valence electron confi guration of d1-10) are 
also less concentrated in the lake sediments than in the 
oceanic pelagic clay. In turn, B-type cations have much 
higher dissolved concentrations in the lake water than in 
the ocean. Rare earth elements (REE) mainly form organic 
complexes in the lake water, and carbonate complexes in 
the ocean (Figure 1). REE are mostly associated with de-
tritus aluminosilicate phases in the Lake Biwa sediments, 
but with phosphate phases in the deep sea sediments. Fe 
and Mn oxide phases are clearly separated in marine Mn 
nodules and crusts, but not in Mn crusts and concretions 
from Lake Biwa. Useful parameters such as the enrich-
ment factor and the distribution coeffi cient of elements 
between solid and liquid phases were estimated in both 
systems for further discussions.
This study was done in cooperation with Prof Yuan-Hui Li (University 
of Hawaii) and Prof Takejiro Takamatsu (Ibaraki University).
Ion Imprinted Sol-gel Materials for the 
Separation of Metal Ions
Much attention has been paid to a molecular (ion) im-
printing technique as a method to prepare highly selective
adsorbents. Recently, a novel organic-inorganic hybrid 
sorbent was proposed by Dai et al. employing Cu(II) and 
surfactant micelles as templates. We prepared some new
sorbents based on this hierarchical double-imprinting
 concept using Cu(II), Zn(II), Ni(II), Co(II), Cd(II) and 
Pd(II) as templates (Figure 2).
The sorbents were prepared through self-hydrolysis, self-
condensation, and co-condensation of the cross- linking
agent (tetraethylorthosilicate) and the functional precursor 
in an alkaline media in the presence of cetyltrimethyl-




Adsorption of Cu(II) and Zn(II) to Cu imprinted sorbent 
with AAMTS (Cu/AAMTS) and to control blank sorbent 
(non/AAMTS) has been examined. 23% of Cu(II) and 20%
of Zn(II) were adsorbed to non/AAMTS sorbent, and 99%
and 22% to Cu/AAMTS. The effect of Cu(II) imprinting is
quite meaningful for AAMTS rather than AAPTS. The
 adsorptions of metal ions to Zn(II), Ni(II), Co(II), Cd(II)
and Pd(II) imprinted sorbents were also examined.
Figure 2. Ion imprinted functional silica gel sorbent.
Figure 1. The average concentrations of elements (10-9 g/L) in Lake 
Biwa water (CLB) versus that in seawater (CSW). All in logarithm scale.
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The structure, dynamics, and reaction of solutions with nano-scale inhomogeneity and/or with fi ne tunability are 
investigated by NMR spectroscopy, computer simulation, and statistical-mechanical theory of solutions, and vibrational 
spectroscopy. Solvation is systematically elucidated for ionic liquids and supercritical fl uids from both the static and 
dynamic viewpoints, and noncatalytic reactions of environmental importance are developed. The structural organization 
and fl uctuation and the molecular binding are investigated for soft, self-organizing systems such as micelle, protein, and 
lipid membrane.
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Dynamical Inhomogeneity of Lipid 
Membrane
The dynamical inhomogeneity in the lipid membrane is 
studied over a wide range of curvature by the solution-state 
1H NMR-nuclear Overhauser effect (NOE). To make possible
the NOE measurement for large vesicles, the transient 
NOE method is combined with the spin-echo method 
(transient NOE-SE method) and is applied to micelle of 
1-palmitoyl-lysophosphatidylcholine (PaLPC) with a diameter 
of 5 nm and to vesicles of dipalmitoylphosphatidylcholine 
(DPPC) with diameters ranging from 30 to 800 nm. The 
transient NOE-SE method suppresses the broad compo-
nents in model-membrane signals and enables quantitative 
assessment of the NOE intensities even for an almost fl at 
bilayer of ~800 nm in diameter. It is found that the NOE 
intensity increases with the diameter up to ~100 nm, and 
the model membrane is considered fl at beyond ~100 nm. 
While the NOE between the hydrophilic choline and 
hydrophobic terminal methyl groups is absent for micelle 
as expected, its intensity is comparable to that for the 
neighboring group for vesicles of larger diameters. The 
origin of NOE signals between distant sites is revealed by 
MD analysis. The MD simulation is performed for the 
PaLPC micelle and the DPPC fl at bilayer, and the time 
correlation function determining the NOE cross intensity 
is calculated. The corresponding correlation time for the 
DPPC fl at bilayer enhances to microsecond and is shown 
to yield an observable NOE signal even for the hydrophilic 
terminal and hydrophobic terminal sites. Since the corre-
lation time depends on the proton pairs by orders of 
magnitude , the NOE intensity for large vesicle is com-
bined information of distance and dynamics and does not 
refl ect only the distance. The correlation time in large 
vesicle is then determined by employing the experimental 
NOE intensity and the MD-based distance distribution. It 
is found to vary by three orders of magnitude over the 
proton sites in the case of large vesicles.
Free-Energy Analysis of Hydration Effect on 
Protein with Explicit Solvent
Hydration is a key factor for controlling the stability
and fluctuation of protein structure. In the statistical
thermodynamic context, the hydration effect is quantifi ed 
by the solvation free energy and is affected by specifi c
protein-water intermolecular interactions. In the present 
work, the relationship between the protein conformation
and the hydration effect is investigated for the equilibrium
fl uctuation of cytochrome c. To elucidate the hydration
effect with explicit solvent, the solvation free energy of 
the protein immersed in water was calculated using the
molecular dynamics simulation coupled with the method 
of energy representation. As shown in Figure 2, the protein 
intramolecular energy and the solvation free energy are
found to compensate each other in the course of equilibrium 
fl uctuation. The energy variation corresponding in magni-
tude to the formation/breakage of several tens of hydrogen
bonds is induced and compensated by the solvent water.
The correlation of the solvation free energy is further 
examined against the average sum of protein-water inter-
action and the excluded-volume part of the solvation free
energy. The average sum is dominated by the electrostatic
interaction and varies in proportion to the solvation free
energy. The excluded-volume part has no correlation to
the (total) solvation free energy and is virtually constant.
The variation of the solvation free energy in response to
the conformational fl uctuation at equilibrium is described 
by the linear-response-type relationship with the protein-
water interaction supplemented by an offset representing
the excluded-volume effect.
Figure 1. The vesicle size dependence of the cross relaxation rate con-
stant σ between the γ site and the other sites at 60ºC.
Figure 2. The solvation free energy Δμ of cytochrome c plotted against 
the intramolecular energy Eintra. The solid line represents the least-square
fi t and is given by Eintra + Δμ = –1.7×103 kcal/mol.
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Microorganisms are found almost anywhere on Earth. They have a great diversity of capacities to adapt to various 
environments including chemically and physically unusual environments. Our main subject is to clarify the molecular 
basis of environmental adaptation of microorganisms and their application. Specifi c functions of proteins and lipids that 
play essential roles in environmental adaptation of extremophilic microorganisms are of our particular interest. Mechanistic 
analysis of microbial enzymes, in particular those involved in unique
metabolic pathways, and their application are also undertaken.
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Studies on Dynamics of Eicosapentaenoic-
acid-containing Phospholipids by Using 
Fluorescence-labeled Ether Phospholipids
Shewanella livingstonensis Ac10, a psychrotrophic Gram-
negative bacterium isolated from Antarctic seawater, 
grows at a temperature range from 4˚C to 25˚C. This bac-
terium produces eicosapentaenoic acid (EPA), a long-chain 
polyunsaturated fatty acid, as an acyl component of 
membrane phospholipids at low temperatures close to 0˚C. 
We identifi ed the genes required for synthesis of EPA and 
disrupted them to obtain EPA-less mutants. The mutants 
lacking EPA showed significant growth retardation at
4°C but not at 18°C. Supplementation of a synthetic 
phosphatidylethanolamine containing EPA at the sn-2 
position complemented the growth defect. The EPA-less 
mutant became fi lamentous, and multiple nucleoids were 
observed in a single cell at 4°C, indicating that the mutant 
has a defect in cell division.
To analyze the physiological function of EPA, we 
synthesized fl uorescence-labeled phospholipids shown in 
Figure 1 as molecular probes to visualize the localization 
of EPA-containing phospholipids. In AcylalkylEPA and 
DialkylEPA, the eicosapentaenyl group is bound to the 
glycerol backbone of the phospholipid by an ether bond to 
prevent separation of EPA and the fl uorescence group by 
hydrolysis in vivo. These fl uorescent phospholipids were 
added to the EPA-less mutant of S. livingstonensis Ac10, 
and the cells were grown at 4–7˚C for fl uorescence micro-
scopic analysis. When AcylalkylEPA was used, fl uores-
cence was localized between two nucleoids at the center 
of the cells during cell division, suggesting that EPA-
containing phospholipids are involved in this cellular 
process (Figure 2).
Physiological Role of Eicosapentaenoic-
acid-containing Phospholipids in the Folding
of a Cold-inducible Membrane Protein of a 
Psychrotrophic Bacterium, Shewanella 
livingstonensis Ac10
Polyunsaturated fatty acids (PUFA), such as eicosapen-
taenoic acid (EPA) and docosahexaenoic acid, are known
to have various benefi cial effects on human health. PUFAs
existing as acyl components of membrane phospholipids
alter the physicochemical properties of lipid bilayers, in-
cluding permeability, curvature, fl uidity, and thickness,
and affect the function of membrane proteins. However,
molecular mechanisms how PUFAs infl uence the functions
of membrane proteins are not well understood. A cold-
adapted microorganism, Shewanella livingstonensis Ac10
isolated from Antarctic seawater, produces EPA as an acyl
chain of its membrane phospholipids at 4˚C. In order to
elucidate the physiological role of EPA at low temperatures,
we performed in vitro reconstitution of a cold-inducible
membrane protein, OmpC74, with the liposomes containing
or not containing EPA and analyzed the effect of the pres-
ence of EPA on the folding of OmpC74. The larger 
amounts of folded OmpC74 were observed in the lipo-
somes containing EPA than those without EPA. Circular 
dichroism analysis indicated that OmpC74 rapidly interacts
with the membrane surface and forms ß-sheet structures in
the EPA-containing liposome at 4˚C. These results suggest 
that EPA-containing phospholipids play a role as a molec-
ular chaperone in the membrane insertion and folding of 
OmpC74 at low temperatures.
Figure 1. Fluorescent phospholipids synthesized in this study to analyze 
the physiological role of EPA.
Figure 2. Fluorescence microscopic images of an EPA-less mutant cell
that incorporated AcylalkylEPA. Nucleoids were stained with Hoechst.
Figure 3. EPA-containing phospholipids accelerate the membrane inser-
tion and folding of a cold-inducible outer membrane protein, OmpC74,
at low temperatures.
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The structure and molecular motion of polymer substances are studied using mainly scattering methods such as neutron, 
X-ray and light with  intension of solving fundamentally important problems in polymer  science. The main projects are the 
mechanism of structural development in crystalline polymers from glassy or molten state to spherulites, the  dynamics in 
disordered polymer materials including low-energy 
excitation , glass transition and local segmental motions; 
formation processes and structure of polymer gels; the 
structure and molecular motion of  polyelectrolyte 
solutions .
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In-situ Observation of Crystallization of 
Isotactic Polypropylene from Mesomorphic
Phase
We have studied crystallization behaviour of isotactic 
polypropylene (iPP) from mesomorphic phase in structural 
point of view. Time-resolved wide-angle X-ray diffrac-
tion (WAXD) measurements during a heating process have 
been performed using a synchrotron radiation (SR) X-ray 
beam line at SPring-8, Japan. The heating process was so 
programmed to reproduce a thermal trace of differential 
scanning calorimetry (DSC) with a constant heating rate 
(10 °C/min) in order to compare the structural change with 
thermal behaviour. SR-WAXD sensitively detected the 
crystallization behaviour (Figure 1) and we have obtained 
fractions of alpha-crystal, mesomorphic and amorphous 
phases as a function of temperature. During the crystalli-
zation, not the amorphous fraction but the mesomorphic 
one is mainly consumed (meso-alpha transition). We have 
also determined the energy level of the mesomorphic 
phase (meta-stable state) relative to that of alpha-crystal 
(stable state), considering the balance among the fractions 
of alpha-crystal, mesomorphic and amorphous phases.
Dynamics of Amorphous Polymer Studied by 
Muon
The mechanism of glass transition and related glassy
dynamics of glass-forming materials are still unresolved 
although so many experimental approaches have been
conducted in the last two decades. To offer the new insight 
on the unresolved problems of dynamics of amorphous
materials, we have studied the dynamics of amorphous
polybutadiene (PB) by muon spin resonance (μSR). We
have performed longitudinal field (LF) measurements
with a 100 G magnetic fi eld at temperatures from 10 K to
300 K. Figure 2 (a) shows an example of the decay of 
asymmetry for PB at 300 K and we could observe a decay
of asymmetry originated from the dynamics of PB. The
temperature dependence of relaxation rate is shown in
Figure 2 (b) and the relaxation rate increased monotoni-
cally with temperature up to 180 K. Above 180 K (which
is near to glass transition temperature of PB), we could 
 observe a steep increase of relaxation rate, implying that 
the glass transition was detected by μSR. In addition to
the detection of glass transition, we also observed a small
increase of relaxation rate at round 120 K. This tempera-
ture corresponded to the onset temperature of local motion
with the time scale of ps. From μSR studies, we succeeded 
to detect the dynamics of PB on a wide-time scale.
Figure 1. WAXD profi les during heating process from 30 to 170 °C
 displayed at every 5 °C from bottom to top. The profi les were shifted 
 diagonally for clarifi cation.
Figure 2. (a) Time dependence of the decay of asymmetry for PB at 300
K under a LF of 100 G. (b) Temperature dependence of the decay rate
for PB. Lines are shown to clearly observe the onset of relaxation.
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PolymersThe molecular origin of various rheological properties of material is
studied. Depending on time and temperature, homogeneous polymeric
materials exhibit typical features of glass, rubber, and viscous fl uid while
heterogeneous polymeric systems exhibit plasticity in addition to these
features. For basic understanding of the features, the molecular motion
and structures at various scales are studied for polymeric systems in
 deformed state. Measurements are performed of rheological properties
with various rheometers, of isochronal molecular orientation with fl ow
birefringence, and of auto-correlation of the orientation with dynamic
 dielectric spectroscopy. Direct observation of molecular motion is also
carried out with fl uorescent microscopy and molecular simulations.
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Rheological and Dielectric Behavior of 
Polyisoprene under Pressurized Carbon
Dioxide
For a well-entangled polyisoprene (PI; molecular 
weight = 260k) equilibrated under pressurized carbon 
dioxide (CO2) at 25 °C, linear viscoelastic and dielectric 
data, respectively, were measured with a stress-controlled 
rheometer and a dielectric bridge being equipped with 
respective high-pressure cells. The viscoelastic and dielec-
tric data shifted to higher frequencies with increasing CO2
pressure, indicating that the pressurized CO2 dissolved 
into PI thereby accelerating the global motion of PI. For 
those data at various CO2 pressure, time-CO2 pressure 
superposition held well and a single master curve was 
obtained, and the horizontal/vertical shift factors were 
consistent for the viscoelastic and dielectric data. These 
results indicated that the dissolved CO2 behaved just as an 
ordinal solvent to accelerate the global motion of PI as in 
ordinary solutions. In fact, the dynamic tube dilation 
(DTD) relationship between the viscoelastic and dielectric 
data, known to be valid for ordinary solutions/bulk of 
linear PI, was found to work also the PI/CO2 system, 
which confi rmed the simple solvent role of the pressurized 
CO2 for the global motion of PI. Thus, the knowledge for 
ordinary polymer solutions would work for processing of 
polymer/CO2 systems.
Chain Contraction and Nonlinear Stress 
Damping in Primitive Chain Network 
Simulations
Doi and Edwards (DE) proposed that the relaxation of 
entangled linear polymers under large deformation occurs 
in decoupled two steps: the fast chain contraction (via the
longitudinal Rouse mode of the chain backbone) and the
slow  orientational relaxation (due to reptation). However,
this decoupling is invalid for a  generalized convective
constraint release (CCR) mechan ism that releases the
 entanglement on every occasion of the contraction of 
 surrounding chains. Thus, we conducted primitive chain
network simulations to investigate the chain contraction
under step shear. The simulation quantitatively reproduced 
experimental features of the nonlinear relaxation modulus
G(t,γ). Namely, G(t,γ) was cast in the time-strain separable
form, G(t,γ)=h(γ)G(t) with h(γ)=damping function and 
G(t)=linear modulus, but this rigorous separability was
valid only at times t comparable to the terminal relaxation
time, although a deviation from this form was rather small
(within 10%) at t > τR (longest Rouse relaxation time). A 
molecular origin of this delicate failure of time-strain
 separability at t ~ τR was examined for the chain contour 
length. The  contributions of the terminal reptative mode 
to the chain length relaxation emerged because the
sliplinks (entanglement) were removed via the generalized 
CCR mechanism and the reformation of the sliplinks was
slow at around the chain center. The number of monomers
in the subchain was kept larger at the chain center than at 
the chain end, thereby reducing the tension at the chain
center compared to the DE prediction. This reduction of 
the tension prevented completion of the length equilibra-
tion at t ~ τR and it forced the equilibration to complete
through the reptative mode. The delicate failure of time-
strain separability seen for G(t,γ) at t ~ τR refl ects this
 retarded length equilibration.
Figure 1. Linear viscoelastic storage and loss moduli measured for 
PI260k equilibrated under various pressures of CO2 at 25 °C after time-
CO2 pressure superposition. Dashed and solid curves show G' and G'' 
calculated from the dielectric data through the full-DTD relationship.
Figure 2. Relaxation of contour length of the chain after various step
shear deformations with strain at γ. Dashed lines indicate the prediction
of DE theory.
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The research at this subdivision is devoted to correlation studies on structures and properties of both natural and artifi -
cial molecular aggregates from two main standpoints: photoelectric and dielectric properties. The electronic structure of 
organic thin fi lms is studied using photoemission and inverse photoemission spectrosocpies in connection with the for-
mer, and its results are applied to create novel molecular systems with characteristic electronic functions. The latter is
concerned with heterogeneous sturcutres in mocrocapsules, boipolymers, biological membranes and biological cells.
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Spontaneous Buildup of Surface Potential 
with a Thin Film of a Zwitterionic Molecule 
Giving Noncentrosymmetric Crystal
Structure
Surface potentials were examined using the Kelvin 
method for thin fi lms of zwitterionic molecules, pyridi-
nium 1,3-dihydro-1,3-dioxo-2H-inden-2-ylide (PI) or 2-N-
pyridinium-1,3-indandione betaine (IPB) and its nitrogen 
substituted compounds: pyridinium 5,7-dihydro-5,7- 
dioxo-6H-cyclopenta[b]pyridin-6-ylide (4N-PI) and pyridi-
nium 5,7-dihydro-5,7-dioxo-6H-cyclopenta[c]pyridin-6- 
ylide (5N-PI), as well as pentacene as a control material. 
Among the three zwitterionic compounds, we recently 
confi rmed that only 4N-PI molecules crystallize in a non-
centrosymmetric structure with a space group Pc where 
all the molecular dipole moments point in the same direc-
tion. Spontaneous buildup of the surface potential on the 
fi lm 5.5 V at a fi lm thickness of 300 nm was observed 
only for 4N-PI (Figure 1). The relationship between the 
alignment of the molecular dipole moments in the fi lm 
and the measured surface potentials was investigated us-
ing grazing incidence x-ray diffraction (GIXD), pole-fi g-
ure measurements, atomic force microscopy (AFM), and 
Kelvin probe force microscopy (KFM). These structural 
analyses disclosed that the 4N-PI fi lm contains small crys-
tallites with the noncentrosymmetric crystallographic 
structure which is the same as its single crystal. Further, 
the crystallites are oriented with the (110) axes perpen-
dicular to the substrate surface with a broad distribution 
width of about 20° (Figure 2). This result indicates that 
polar molecules crystallizing in the noncentrosymmetric 
structure can also show spontaneous surface potential 
when a preferred fi lm structure is realized.
Dielectric Spectroscopy Reveals Nanoholes of 
Erythrocyte Membrane Ghosts
When blood is diluted with water, erythrocytes swell
and then burst to release hemoglobin molecules. The
remaining membranes, called “ghosts”, are resealed under 
physiological conditions. About 50 years ago, Schwan and 
Carstensen reported that ghost suspensions showed 
peculiar dielectric dispersion below 10 kHz, called 
α-dispersion , which was not found for intact erythrocyte
suspensions. The findings, however, have never been
traced because of diffi culty in low-frequency measure-
ment due to electrode polarization, and therefore the
origin of the α-dispersion has not been understood. This
study has disclosed the α-dispersion (see Figure 3) by
solving the problem in measurement using a new elec-
trode confi guration. The α-dispersion was found to be
quite unstable at room temperature, being stabilized by
fi xation of ghosts with glutaraldehyde. The properties of 
the α-dispersion were exactly interpreted by the existence
of a hole in each ghost membrane. The numerical simula-
tion with a spherical cell model with a hole provided a
linear relation between the characteristic frequency fα of 
the α-dispersion and the hole radius Rh, and thereby the
values of Rh being determined from those of fα straightfor-
wardly. The estimated values of Rh were close to those
obtained by electron microscopy and several times larger 
than those from the analysis of the diffusion of probe
molecules through the holes.
Figure 1. Surface potential measured for the fi lms in the dark as a func-
tion of fi lm thickness.
Figure 2. (a) X-ray pole fi gures (plotted as a function of polar angle α
measured from the surface normal) of (110), (111) and (100) diffractions
for the 4N-PI fi lm. (b) Schematic of the analyzed orientation of the unit 
cell with 4N-PI molecules on the substrate surface.
Figure 3. The capacitance of intact erythrocyte (closed circle) and ghost 
(open circle) suspensions plotted against the frequency of the applied ac 
fi eld.
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We have undertaken the molecular biology, cell biology and behavioral genetics approaches to study the role of bio-
logical membrane systems in controlling animal morphogenesis and behavior. The membrane is a  complex supramolec-
ular complex formed by a noncovalent self-assembly of proteins, lipids, and carbohydrates. Our long term objective is 
to understand the fundamental principles underlying the dynamism of complex membrane systems and to provide a clue 
to reconstruct an artifi cial supramolecular  membrane complex. Current research topics are as follows:
(1) Identifi cation of a series of proteins that regulate molecular motion of lipid molecules and elucidation of their role 
in cellular and animal morphogenesis.
(2) Establishment of a series of Drosophila mutants with aberrant temperature preference (atsugari, samugari, etc) and 
elucidation of the molecular relationship between the temperature-responding membrane systems and animal behaviors.
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Regulation of Membrane Phospholipid
Dynamics and Its Role in Cell Migration
The basic structure of biological membranes is the lipid 
bilayer in which phospholipids distribute asymmetrically 
between the two leafl ets of the bilayer. This asymmetry is 
regulated by the transbilayer movement of phospholipids, 
but its physiological signifi cance and molecular mecha-
nisms are largely unknown. Previously we have identifi ed 
a putative aminophospholipid translocase complex re-
sponsible for the inward movement of aminophospholip-
ids, P-type ATPase (ATP8A1) and its non-catalytic subunit 
mROS3. Depletion of either mROS3 or ATP8A1 inhibited 
cell migration as well as the inward movement of amino-
phospholipids across the plasma membrane. ATP8A1 lo-
calized at the leading edge of migrating cells and contrib-
utes to the formation of membrane ruffl es by regulating 
actin cytoskeleton. Furthermore, PE is exclusively located 
in the inner leafl et of the plasma membrane at the leading 
edge (Figure 1). Immobilization of cell-surface PE by a 
PE-binding peptide inhibited the formation of membrane 
ruffl es, causing a severe defect in cell migration. These 
results indicate that organized movement of cell-surface 
PE mediated by ATP8A1 plays an important role in cell 
migration by regulating actin reorganization and mem-
brane ruffl ing.
Elucidation of Molecular Mechanisms which 
Generate and Maintain Discrete Membrane 
Domains in Polarized Cells
The plasma membranes of cells are fundamental com-
ponents of our body. They are composed of discrete mem-
brane domains in which membrane proteins and lipids are 
differentially partitioned. Compared to plasma membrane 
proteins which have been investigated by many research-
ers, plasma membrane lipids are less well understood, 
even though they are the other main component of mem-
branes. Using epithelial cells as an experimental model,
we aim to clarify what kind of lipids and lipid metabolites
are enriched in the apical as well as the basolateral mem-
brane, and how these asymmetric membrane domains are
maintained to be separated (Figure 2).
Drosophila Stearoyl-CoA Desaturase in
Energy Metabolism
In many animals, energy-rich components are converted 
into glycogen and triacylglycerol (TAG), the storage
forms of carbohydrate and fat, respectively. TAG is depos-
ited in the adipose tissue in mammals or the fat body in
Drosophila, and is metabolized during periods of energy
need such as nutrient depletion. The regulatory mecha-
nisms of energy homeostasis are still not fully understood.
Stearoyl-CoA desaturase, catalyzing introduction of the
cis double bond in the Δ9 position of fatty acyl-CoA sub-
strates, is a rate-limiting enzyme in the biosynthesis of 
monounsaturated fatty acids (Figure 3A). We generated a
series of Drosophila mutants that showed a defective ex-
pression of stearoyl-CoA desaturase (desat1). One of 
them, designated desat1#42, showed dramatic reduction
in TAG content and was defective in survival during star-
vation (Figure 3B). In the desat1#42 mutant, the expres-
sion of desat1 was specifi cally reduced in oenocyte, an or-
gan analogous to mammalian liver. The desat1#42 mutant 
will provide a unique model for studying the physiologi-
cal functions of desat1 in energy metabolism.
Figure 1. Cell-surface PE distributes in the inner leafl et of the ruffl ing 
membranes in migrating cells. The serum-stimulated cells were incubat-
ed with 10 μg/ml PE-binding peptide (SA-Ro) for 30 min at 37 °C, and 
then fi xed and stained for SA-Ro and actin. Arrows indicate the colocal-
ization of SA-Ro and actin at the rear membrane.
Figure 2.
Figure 3. Starvation resistance was reduced in the desat1#42 mutant 
fl ies.
A) Double bond introduction by stearoyl-CoA desaturase.
B) Survival rate of wild type and desat1#42 mutant fl ies during starva-
tion.
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Collaboration with the Use of Ion Storage
and Cooler Ring, S-LSR
ICR has become a collaboration Institute open for out-
side users. This year, two collaborations has been started.
a) Approach to ultra-low temperature ion beam by laser 
cooling
We have already obtained an indication of transverse 
laser cooling of 40 keV 24Mg+ ion beam with the use of 
“Synchro-Betatron Coupling” (Annual Report 2009). This 
year, more quantitative approach to reach crystalline beam 
has been triggered by collaboration with the group from 
Hiroshima University, Tsinghua University and Max-
Planck-Institut für Kernphysik through Skype meeting.
b) Irradiation of electron cooled short bunch proton beam 
onto biological cells
In order to obtain quantitative data on the capability of 
double strand breaking by irrdadiation of proton beam 
with a very high peak intensity in a short pulse as indicated 
by laser-produced proton beam [1], an irradiation system 
of biological cells by a electron cooled 7 MeV proton 
beam has been under development. By electron cooling, 
we have already realized a short bunch 7 MeV proton 
beam beam with 3.1 ns pulse duration for beam intensity 
of 1.4 × 108 [2]. For the purpose of keeping the cells alive 
throughout the irradiation process the extracted proton 
beam is to be defl ected vertically as large as 90 degrees 
and irradiated through a thin foil. By hitting the cells from 
below, the irradiation condition is expected to be kept 
constant independent on the thickness of cultivating liquid, 
which evaporates during the irradiation. Such a beam line 
is now under construction with collaboration of the group 
from National Institute of Radiological Sciences.
Neutron Optics and Physics (NOP)
Neutron is unique probe for material research and 
fundamental science because it does not have charge and 
interacts only by nuclear force, while x-ray interacts with
electromagnetic force. Light atoms, which are diffi cult to
be observed by x-rays, can be investigated by neutrons.
Among many methods, Small Angle Neutron Scattering
(SANS) has been commonly used to investigate structures
of materials. Unfortunately, the availability of such facility 
seems not good because of its huge size (~40 m). By using 
Very Cold Neutrons (VCN), the length can become very
short and be distributed to many laboratories. This situation 
allows us to invite or raise new neutron users. In addition,
wider q-ranges and smaller minimum q’s are available on
this VCN-SANS, because the scattering angles are no
longer small.
We have been investigating a focusing magnetic lens
for neutrons that has sextupole magnetic fi eld to interacts
with magnetic dipole moment of neutrons. The focusing
properties were studied at ILL, Grenoble, France. Figure 2
shows the typical results. Using this lens, test measure-
ments of VCN-SANS were performed. Figure 3 shows 
the result for tri-block-copolymer case. The resolution
Figure 3 was better than the conventional facility. We are
still studying towards the better performance.
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 Electron cooled proton beam.
Figure 2. The beam profi les
on the 2D detector. Top:
PMSx is well synchronized 
and the beam spot is kept 
small during the beam
pulse. Bottom: the beam
spot is increasing for off-
synchronized case.
Figure 3. VCN-SANS plots for 15 wt% Pluronic in D2O (28 °C),
compared with SAND@IPNS.
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The interaction of femtosecond laser pulses with matters involves  interesting physics, which does not appear in that 
of nanosecond laser pulses. Investigating the interaction physics, potential of intense femtosecond lasers for new 
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Periodic Grating Structures Self-formed on
Metal Surfaces under Femtosecond Laser 
Pulse Irradiation
Periodic structures self-formed on the surface of several 
metals by femtosecond laser pulses are investigated by 
electron microscopy. For the self-formation of periodic 
gratings on metal surfaces, the interspaces of the periodic 
structures depend on laser fl uence. This dependence is the 
same for all metals, although the range of laser fl uence in 
which the structures are formed differs between metals 
(Figure 1). The laser fl uence dependence can be explained 
by the generation of a plasma wave through the parametric 
decay of laser light [Phys. Rev. B 79, 033409(2009)]. This 
indicates that the formation of periodic structures depends 
not on metal properties, but only on the electron density 
of plasma produced on a surface by femtosecond laser 
pulses.
Femtosecond Pulse Compression of 
Laser-accelerated Electron Pulses
Time-resolved electron diffraction and microscopy
 using femtosecond electron pulses is a powerful method 
for observing atomic-scale ultrafast structural changes. Such 
an advanced method is crucial for the study of ultrafast 
phenomena in a broad range of scientifi c fi elds, including
physics, chemistry, materials science, and biology, because
the method enables the direct observation of atomic
 processes. However, due to the space-charge effect, the
brightness of probe electron pulses is low and insuffi cient 
in most cases using conventional electron guns.
We have developed a new method for solving the
space-charge problem in ultrafast electron diffraction. This
unique method involves compression an intense laser-
accelerated electron pulse. Figure 2 shows the femto-
second electron-pulse generation system. Accelerated by a
femtosecond laser pulse with an intensity of 1018 W/cm2,
an electron pulse with an energy of around 350 keV and a
relative momentum spread of about 1% was compressed 
to a 500-fs pulse at a distance of about 50 cm from the
electron source by using a magnetic pulse compressor.
Furthermore, the electron pulse was used to generate a
clear diffraction pattern of a gold crystal in a single shot.
This technique has great potential for the generation of 
extremely high-charge femtosecond pulses in the sub-MeV 
range, because the space-charge effect does not limit the
charge in a pulse. We expect that this development will
fundamentally change the observation of ultrafast phe-
nomena by electron pulses in the near future.
Figure 1. Laser fl uence dependence of the periodic structure interspaces 
produced by femtosecond laser pulses for (a) Ti, (b) Pt, (c) Mo, and (d) 
W (pulse duration: 160 fs). The interspace of the grating structure was 
determined by analyzing a set of 10 irradiated spots on the metal surface. 
Error bars show the standard deviation of the interspaces. Laser fl uence 
is normalized by the upper limit on laser fl uence for producing periodic 
structures, FM. Solid lines show calculation results according to the para-
metric decay model proposed by Sakabe et al., and dotted lines show the 
laser fl uence for the ablation rate of 10 nm/pulse.
Figure 2. Schematic diagram of the experimental setup of electron pulse
compression and pulse duration measurement: (a) top view and (b) side
view. Everything except the EMCCD camera is operated in a vacuum at 
10−2 Pa.
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Crystallographic and electronic structures of materials and their trans-
formations are studied through direct imaging of atoms or molecules by
high-resolution electron spectromicroscopy which realizes energy-fi ltered 
imaging and electron energy-loss spectroscopy as well as high resolution
imaging. By combining this with scanning probe microscopy, the following
subjects are urging: direct structure analysis, electron crystallographic
analysis, epitaxial growth of molecules, structure formation in solutions,
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HRTEM and ADF-STEM of Precipitates in
Aluminium Alloy
Precipitates at peak-ageing in an A356 Al–Mg–Si alloy 
cast by a semi-solid process have been studied by high-
resolution transmission electron microscopy (HRTEM) 
and annular dark-field scanning transmission electron 
microscopy (ADF-STEM). The precipitate most frequently 
found in the alloy is the β” phase (Mg5Si6) or its precursors. 
Although the contrast of ADF image, especially HAADF, 
an atom with a higher atomic number should show a 
brighter contrast comparing to one with a lower atomic 
number (Z-contrast), the precipitate shows the darker 
contrast as compared to that of the Al matrix in High 
Angle ADF-STEM (HAADF-STEM), and vice versa in 
Low Angle ADF-STEM (LAADF-STEM). To understand 
such contrast, a dynamical simulation based on the multi-
slice method was performed using different atomic stacking 
models; the precipitate layer is located at the top (I), 
 bottom (II) or middle (III) of the sample. Model (III), 
where the precipitate situates inside the Al matrix, suc-
cessfully explained the reverse contrast of the experimental 
images of the precipitate. The origin of such a strange 
contrast variation comes from the dynamical and the 
channeling effects in the crystalline precipitate situated in 
a crystalline matrix, of which the dynamical simulation is 
indispensable in structure analysis. The LAADF-STEM is 
a potential tool in atomic structure analysis of precipitates 
in combination with HAADF-STEM.
Gelation Behavior by the Lanthanoid 
Adsorption of the Cyanobacterial
Extracellular Polysaccharide Sacran
Cyanobacteria, which live in the rivers and sea where
industrial waste is discharged, produce and secrete poly-
saccharides with functional groups such as carboxylic
acid, sulfates, phosphates and amines that are responsible
for ionic adsorption. These extracellular polysaccharides
adsorb heavy metal ions in the water to prevent toxicity,
and protect the cells themselves. The self-organization
behavior of an extracellular polysaccharide (sacran) ex-
tracted from the cyanobacterium Aphanothece sacrum in
response to lanthanoid ion adsorption was investigated.
Cryo-TEM images revealed that sacran could be cross-
linked by trivalent metal ions, and formed a fi brous nano
structural network containing water. The network structure
of the nanoconstructs was formed to construct macroscopic
gels. The critical gelation concentrations of sacran were
very low. These fi ndings strongly suggest that the extra-
cellular matrix of Aphanothece sacrum was gelated effi -
ciently by the sacran associating to form nanonetworks of 
metal-complex fi bers, which reinforced the jelly matrix.
This may represent a strategy of Aphanothece sacrum for 
protecting their own cell bodies from external biological
and physical stimuli.
Figure 1. Noise-fi ltered 
HRTEM image of the 
precipitate.
Figure 2. LAADF (a) and HAADF (b) images of the same precipitate.
Figure 3. Cryo-TEM image of quick-frozen samples of a dispersed 
solution of sacran into NdCl3 solution.
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The research activities in this laboratory are performed for X-ray structural analyses of biological macromolecules 
and the investigation of the electronic state in materials as follows: The main subjects of the biomacromolecular 
crystallography are crystallographic studies on the reaction mechanism of enzymes, the relationship between the 
multiform conformation and the functional variety of proteins, and the mechanism of thermostabilization of proteins. In 
the investigation of the chemical state in materials, the characteristics of the chemical bonding in the atom and 
molecules are investigated in detail using a newly developed X-ray spectromator with a high-resolution in order to 
elucidate the property of materials. The theoretical analysis of the electronic states with DV-Xα and WIEN2k, and the 
development of new typed X-ray spectrometer with ultra high-resolution have also been carried out.
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Open and Closed Subunit Structures of 
Rhizobium Maleylacetate Reductase
Rhizobium is a genus of tubercle-forming bacteria. It 
grows in the root of a plant in symbiosis with other bacteria 
to fi x nitrogen from the air. Therefore, much attention has 
been paid to the Rhizobium genes and gene products for 
their role in the regulation of symbiosis. Despite extensive 
studies on Rhizobium, there is still little information avail-
able on the molecular structure, function, and detailed 
properties of the enzymes involved in its metabolic path-
ways. In the course of a screening experiment, Rhizobium
sp. strain MTP-10005 was isolated from natural river 
water as a microorganism with a high level of γ-resorcylate 
(2,6-hydroxybenzoate) decarboxylase (EC 4.1.1.x) activity. 
During the cloning of the graF gene encoding the enzyme 
γ-resorcylate decarboxylase, the genes graA, graB, graC, 
and graD were found immediately upstream and down-
stream of graF. Enzymological studies showed that graD, 
graA, graB, and graC encode the reductase (GraD) and 
oxidase (GraA) components of resorcinol hydroxylase 
(EC 1.14.13.x), hydroxyquinol 1,2-dioxygenase (GraB) 
(EC 1.13.11.37), and maleylacetate reductase (GraC) (EC 
1.3.1.32), respectively. In order to reveal their structures 
and functions, we have been performing X-ray structural 
studies of the enzymes.
Maleylacetate reductase (GraC) from Rhizobium sp. 
strain MTP-10005 catalyzes NADH- or NADPH-dependent 
reduction of maleylacetate to 3-oxoadipate. The polypep-
tide chain of the enzyme consists of 351 amino acid resi-
dues. The crystal was prepared by the sitting-drop vapour-
diffusion method complemented with a microseeding 
technique. Good crystals were obtained at 293 K in 3days 
with protein solution at 8 mg/ml (in 50 mM Tris-HCl 
buffer , pH 8.0) and reservoir solution consisting of 1.4 M 
ammonium sulfate, 0.1 M sodium chloride, 2% (w/v) ben-
zamidine HCl, and 0.1 M NaHEPES, pH 7.5. Diffraction 
data of the native crystal were collected at beamline 
BL6A, Photon Factory, Tsukuba, Japan with an X-ray 
wavelength of 1.000 Å at 100 K. The phase problem was 
solved with the multiwavelength anomalous diffraction 
method (MAD method) using the Hg-derivative crystal 
prepared by soaking the native crystal in the reservoir 
solution containing 0.025 mM ethylmercury thiosalicylate 
for 20 hours. The MAD data sets were collected at 3 Å 
resolution using X-rays at four wavelength-positions 
including the Hg-absorption edge. An initial electron 
density map was obtained at 3 Å resolution using MAD 
phases and interpreted with the help of the structure of 
lactaldehyde reductase (PDB ID=1RRM) which is homo-
logous in sequence to GraC. The structure model was built 
by repeating the cycle of structure refi nement, electron
density calculation, and structure model improvement.
The structure was refi ned at 1.96 Å resolution up to R=
0.165 and Rfree=0.212. The fi nal structure model contains
696 of 702 amino acid residues corresponding to two
polypeptide chains of GraC, 4 sulfate anions, 1 glycerol
molecule, 1 benzamidine molecule and 381 water molecules.
GraC is dimeric in the crystal. Its subunit consists of 
two domains: the N-terminal NAD-binding domain (resi-
dues 1–159) adopting an α/β structure and the C-terminal
α-helical domain (residues 160–351). The active site is
located in the cleft between the domains of the subunit.
The two subunits (Subunit-A & Subunit-B) have a little
bit different structures from each other in the present crys-
tal. The difference is clear by superposing two subunits
based on not only whole subunit but also each domain
(Figure 1). Superposition of the two subunits based on the
corresponding Cα atoms for whole subunits, N-terminal
domain region, and C-terminal domain region show the
values of root means square deviations of 1.93 Å, 0.79 Å,
and 0.52 Å, respectively. Subunit-A binds 2 sulfate anions,
1 benzamidine molecule and 1 glycerol molecule in the
cleft. It has a closed conformation that may be adopted on
binding the substrate with the cofactor. Subunit-B binds
no ligand except 1 sulfate anion. It has an open conforma-
tion as is the case before the enzymatic reaction. Thus, the
present crystal structure of GraC reveals the structures of 
maleylacetate reductase both in the substrate-binding state
and in the ligand-free state. This suggests that the struc-
ture of GraC must change from the open conformation to
the closed conformation in the course of enzymatic reac-
tion. The active site structure of GraC shows several histi-
dines residues in the cleft, some of which interact with
binding sulfate anion (Figure 2). This suggests that these
histidine residues may be involved in the enzymatic reac-
tion or ligand binding.
Figure 1. Superposition of 
GraC subunits. Subunit-A and 
Subunit-B are shown in red 
and blue, respectively.
Figure 2. Active site structure of 
GraC. The dash lines represent hy-
drogen-bonds.
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Diastereoselective Carbometalation of Oxa-
and Azabicyclic Alkenes under Iron Catalysis
Transition-metal-catalyzed carbometalation of alkenes 
is a powerful synthetic tool for selective carbon–carbon 
bond formation. Through sequential electrophilic trapping 
of the intermediate organometallic species, regio- and 
stereoselective construction of contiguous sp3 carbon 
centers can be achieved in a single-pot procedure. We 
have developed the iron-catalyzed highly diastereoselective 
carbometalation of various oxa- and azabicyclic alkenes 
with arylzinc reagents. The carbozincation products were 
quenched with acid or trapped with electrophiles, giving 
the corresponding products in excellent yield. Among a 
series of novel DPPBz derivatives, electron-deficient 
ligand was found particularly effective to facilitate the 
carbometalation and suppress the β-heteroatom elimination.
Nickel-Catalyzed Alkenylative Cross-Coupling
Reaction of Alkyl Sulfi des
Transition metal-catalyzed cross-coupling reactions are 
powerful tools in organic synthesis. While various electro-
philic substrates have been utilized in the cross-coupling 
reactions, organosulfur compounds have received far less 
attention among them in spite of the long history. In light 
of the ample supply of sulfur sources, especially as by-
products of refi nery, in industrial chemistry, we have ex-
plored new reactivity of organosulfur compounds in the 
cross-coupling reaction and found that alkyl aryl sulfi des 
act as alkenyl electrophiles to give the arylation products 
with the simultaneous installation of an olefi nic part in the 
products. The key to success is the use of a bulky NHC 
ligand , SIPr, which suppresses the conventional biaryl 
coupling reaction. The theoretical calculation suggests a 
concerted mechanism for the β-hydride elimination and 
reductive elimination process from nickel(II) thiolate 
species , which accounts for the new reactivity of the 
organosulfur electrophile in the present alkenylative cross-
coupling.
Programmable Metal Unit Arrangement on 
Peptides to Create Composition- and 
Confi guration-Controlled Heterometallic 
Hybrid Materials
This project focuses on the following challenges: 
i)  Development of fundamental methodology for creating
composition- and confi guration-controlled heterometallic
hybrid molecules using metallated-amino acids and pep-
tides as metal units. Chemical synthesis and self-assembly
process of the metal units is currently employed, in com-
plementary, to control the composition, 1D/2D array, and 
3D confi guration of metals on peptides i.e., programmable
metal unit arrangements. ii) Exploring the function of 
 heterometallic hybrid molecules. Applications to supra-
molecular gelators, molecular electronic devices, photo-
chemical devices, advanced catalysts, artifi cial enzymes,
and MRI contrast agents are ongoing with a diverse
 library of metallated-amino acids and peptides.Figure 1. Iron-Catalyzed Diastereoselective Carbozincation of Oxa- and 
Azabicyclic Alkenes.
Figure 2. Nickel-Catalyzed Alkenylative Cross-Coupling Reaction.
Figure 3. Preparation of Metallated Peptide and Self-Assembly of the
Peptide.
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Transition metal oxides display a wide variety of interesting and useful functional properties, including electronic 
conduction, superconductivity, ferroelectricity, and ferromagnetism. In fact, some of these oxides have been used in 
current electronic devices. Our research mainly focuses on perovskite-structured transition metal oxides with novel 
functional  properties due to complex couplings between their lattices, charges and spins. With advanced oxide-synthesis 
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Anisotropic Oxygen Diffusion at Low
Temperature in Perovskite Structure Iron 
Oxides
Oxygen-ion conduction in transition-metal oxides has 
been extensively investigated due to its potential of device 
applications such as electrolytes in solid-oxide fuel cells 
and oxygen-separation membranes. However the operation 
temperature is currently limited to only high temperature 
region. Achieving enough oxygen ion conduction at lower 
temperature is, therefore a key to further developments of 
the oxygen-ion conduction based devices. Furthermore an 
understanding of the oxygen-diffusion pathways in the 
oxides would provide ideas on ideal structures that allow 
the effi cient ion conduction at lower temperatures.
Here we report that brownmillerite-structured CaFeO2.5
epitaxial thin films undergo a structural change into 
CaFeO2 with an infi nite-layer structure (Figure 1) through 
low-temperature reductions with CaH2.
We found that some of the oxygen atoms are released 
from the perovskite-structure framework and others are 
rearranged within it during the reduction process. Both
the observed structural changes and the reaction time 
necessary for the reduction process on the fi lm orienta-
tions show the strong dependence on the fi lm orientations. 
This reveals two oxygen diffusion pathways and the 
related kinetics at low temperature. These results demon-
strate that oxygen diffusion in the brownmillerite is highly 
anisotropic, signifi cantly higher along the lateral direction 
of the tetrahedral and octahedral layers as shown in 
Figure 2.
Charge Transfer and Antiferromagnetic
Order in The A-site-ordered Perovskite 
LaCu3Fe4O12
A-site-ordered double perovskite oxides with the
 general formula AA’3B4O12 have attracted enormous
 interest owing to their wide variety of physical properties.
Recently we found a novel A-site-ordered double
perovskite oxides LaCu3Fe4O12 displaying a temperature-
induced intersite charge transfer. This charge transfer is
attributed to the simultaneous valence changes between
the A’ and B sites, namely 3Cu2+ + 4Fe3.75+ → 3Cu3+ +
4Fe3+ where the paramagnetic metallic phase at higher 
temperature transforms to the antiferromagnetically-
ordered insulating phase at lower temperature. In this
study we employed high resolution neutron powder 
 diffraction to investigate the charge states and spin order 
in this compound. We found that a fi rst-order phase transi-
tion takes place at TCT ~400 K between cubic Im-3 struc-





4O12. Bond valence sums confi rm that these
charge states are adopted in the two phases, and there are
no substantial valence fl uctuations near the charge transfer 
transition. G-type antiferromagnetic order of Fe3+ spins at 
the B-site is observed in the low temperature phase
LaCu3+3Fe
3+
4O12 and the ordered moment at 50 K is 4.0 μB.
Magnetic moment is absent at the A’-site Cu3+ cation. The
thermal evolution of the ordered moment enables an
 intrinsic TN’ ~ 600 K to be estimated, although the actual
upper limit for the spin order is TCT (Figure 3). No long
range magnetic ordering is also found in the high tempera-
ture phase, LaCu2+3Fe
3.75+
4O12, showing that any ordering
transition for this regime has TM < TCT.
Figure 1. Schematic infi nite-layer structure CaFeO2 on a substrate.
Figure 2. Schematics of two types of oxygen diffusion pathways and the
rearrangement from tetrahedral to square-planar coordination in FeO4.
Figure 3. Temperature dependence of the refi ned Fe3+ magnetic moment 
at the B-site in LaCu3Fe4O12.The inset shows the crystal structure of the 
low temperature phase with G-type antiferromagnetic ordering.
54 TOPICS  AND  INTRODUCTORY  COLUMNS  OF  LABORATORIES
International Research Center for Elements Science






















Wakioka M, Ikegami M, Ozawa F: Stereocontrolled Synthesis and Photoisomerization Behavior of All-cis and All-trans Poly(m-
phenylenevinylene)s, Macromolecules, 43, 6980-6985 (2010).
Wang Q, Takita R, Kikuzaki Y, Ozawa F: Palladium-Catalyzed Dehydrohalogenative Polycondensation of 2-Bromo-3-hexylthiophene: An
Effi cient Approach to Head-to-Tail Poly(3-hexylthiophene), J. Am. Chem. Soc., 132, 11420-11421 (2010).
Nakajima Y, Nakao Y, Sakaki S, Tamada Y, Ono T, Ozawa F: Electronic Structure of Four-coordinate Iron(I) Complex Supported by a Bis(ph
osphaethenyl)pyridine Ligand, J. Am. Chem. Soc., 132, 9934-9936 (2010).
Wakioka M, Ozawa F: Substituent Effects on P-C Reductive Elimination from Styrylpalladium(II)  Phosphine  Complexes, Organometallics,
29, 5570-5578 (2010).
Nakajima Y, Nakatani M, Hayashi K, Shiraishi Y, Takita R, Okazaki M, Ozawa F: Synthesis and Structures of Platinum Diphenylacetylene
and Dithiolate Complexes Bearing Diphosphinidenecyclobutene Ligands (DPCB-Y), New. J. Chem., 34, 1713-1722 (2010).
 Scope of Research
This laboratory aims at establishment of new synthetic methodologies and new functional materials by designing 
well-defi ned catalysts based on transition metal chemistry. New concepts and ideas of molecular-based catalysts are 
accumulated by mechanistic investigations using experimental methods such as kinetic techniques as well as theoretical 
methods. The research subjects include: (1) development of novel organotransition  metal systems for catalysis based on 
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Substituent Effects on P–C Reductive 
Elimination from Styrylpalladium(II) 
Phosphine Complexes
While the P–C reductive elimination of hydrocarbyl 
and phosphine ligands is frequently observed, its mecha-
nistic information has been limited. In this work, we 
 prepared a series of styryl palladium complexes 1, having 
a series of para substituents with different electronic 
 properties on Ar and Ar’ groups, and examined their 
reductive elimination in the presence of added PMeAr’2
by kinetic experiments. The kinetic data are consistent 
with the reaction process involving prior association of 1
with PMeAr’2 to form a fi ve-coordinate intermediate (A), 
which subsequently undergoes P–C reductive elimination 
to give 2. The rate constant for P–C reductive elimination 
(k) increases to a great extent as the electron-donating 
ability of para substituents increases, and showed a good 
Hammett correlation with the σp values of substituents 
[ρ = –2.43 and –4.8 (for Ar and Ar’, respectively)].
Palladium-Catalyzed Dehydrohalogenative
Polycondensation of 2-Bromo-3-hexyl-
thiophene: An Effi cient Approach to Head-to-
Tail Poly(3-hexylthiophene)
Poly(3-alkylthiophene)s are among the most promising 
π-conjugated polymers for the development of fl exible 
electronic devices. It has been documented that their 
physical properties are strongly affected by the regioregu-
larity of the thiophene units, and head-to-tail polymers are 
superior to regiorandom isomers. In this work, we exam-
ined the synthesis of head-to-tail poly(3-hexylthiophene) 
(HT-P3HT) using palladium-catalyzed dehydrogenative 
polycondensation of 2-bromo-3-hexylthiophene (3). The 
reaction of 3 with 4 and 5 as catalyst precursors gave 
HT-P3HT with high molecular weight (Mn = 30600, Mw/
Mn = 1.60) and high regioregularity (98%) in almost quan-
titative yield (99%). This process, which does not require 
prepreparation of organometallic reagents, should be of 
benefi t with respect to reduced waste generation and fewer 
reaction steps.
Electronic Structure of Four-coordinate
Iron(I) Complex Supported by a Bis(phospha
ethenyl)pyridine Ligand
A 15-electron iron complex with a formal Fe(I) center,
[FeBr(BPEP)] (BPEP = 2,6-bis(1-phenyl-2-phosphaethenyl)
pyridine), was prepared by one-electron reduction of the
dibromide precursor [FeBr2(BPEP)]. The single-crystal
diffraction analysis revealed a distorted trigonal monopy-
ramidal arrangement around the iron center. DFT calcula-
tions for a model complex revealed two highly delocalized 
molecular orbitals formed by bonding and antibonding
 interactions between the dz2 (Fe) and π* (BPEP) orbitals.
Orbital occupancy analysis demonstrated the electronic
structure with a high-spin Fe(I) center. The effective
 interaction between iron and BPEP was concluded to be
responsible for the highly distorted structure of [FeBr
(BPEP)], with its rather uncommon trigonal monopyrami-
dal confi guration.
Figure 1. P−C reductive elimination from 1 in the presence of added 
PMeAr’2.
Figure 2. Palladium-catalyzed dehydrohalogenative polycondensation of 
2-bromo-3-hexyl thiophene (3).
Figure 3. (a) Formation of [FeBr(BPEP)], (b) delocalized molecular 
 orbital of [FeBr(BPEP)].
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Yamada Y, Yasuda H, Tayagaki T, Kanemitsu Y: Temperature Dependence of Photoluminescence Spectra of Undoped and Electron-doped 
SrTiO3: Crossover from Auger Recombination to Single-carrier Trapping, Phys. Rev. Lett., 102, [247401-1]-[247401-4] (2009).
Matsunaga R, Matsuda K, Kanemitsu Y: Evidence for Dark Excitons in a Single Carbon Nanotube Due to the  Aharonov-Bohm Effect, Phys.
Rev. Lett., 101, [147404-1]-[147404-4] (2008).
Hosoki K, Tayagaki T, Yamamoto S, Matsuda K, Kanemitsu Y: Direct and Stepwise Energy Transfer from Excitons to Plasmons in
Close-packed Metal and Semiconductor Nanoparticle Monolayer Films, Phys. Rev. Lett., 100, [207404-1]-[207404-4] (2008).
Ito Y, Matsuda K, Kanemitsu Y: Mechanism of Photoluminescence Enhancement in Single Semiconductor Nanocrystals on Metal Surfaces,
Phys. Rev. B, 75, [033309-1]-[033309-4] (2007).
Hirori H, Matsuda K, Miyauchi Y, Maruyama S, Kanemitsu Y: Exciton Localization of Single-walled Carbon Nanotubes Revealed by







 Scope of Research
Our research interest is to understand optical and quantum properties of nanometer-structured materials and to estab-
lish opto-nanoscience for  creation of innovative functional materials. Optical properties of semiconductor quantum 
nanostructures and strongly-correlated electron  systems in low-dimensional materials are studied by means of space- 
and time-resolved laser spectroscopy. The main subjects are as follows: (1) Investigation of optical properties of single 
nanostructures through the development of high-resolution optical microscope, (2) Development of nanoparticle 
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Band-to-band Photoluminescence in SrTiO3
Transition metal oxides have attracted a great deal of 
attention as new device materials due to their wide variety 
of fascinating and multifunctional properties. SrTiO3 is 
one of the most important oxide materials. We observed 
band-edge photoluminescence (PL) in highly photoexcited 
SrTiO3 and electron-doped SrTiO3 at low temperatures. 
Two band-edge PL peaks coincide with the low- and 
high-temperature onsets of optical absorption. This clearly 
shows that band-edge PL peaks correspond to indirect 
band-to-band radiative recombination involving phonon 
emission and absorption processes and allows a determi-
nation of the band gap.
Multicarrier Recombination and Energy 
Transfer in Mn-Doped CdS Nanocrystals
Studied by Femtosecond Pump-Probe 
Spectroscopy
Fabrication and characterization of semiconductor 
nanocrystals (NCs) doped with functional impurities have 
been extensively studied due to interest both in the funda-
mental physics and potential applications in optoelectronic 
devices. We studied the photocarrier decay dynamics of 
Mn-doped CdS NCs coated with a ZnS shell layer by fem-
tosecond pump–probe transient absorption spectroscopy. 
At low excitation intensities, the decay dynamics of 
 photocarriers is determined by energy transfer from elec-
tron–hole pairs in CdS NCs to Mn ions. At high excitation 
intensities, the photocarrier decay curves of Mn-doped 
CdS NCs are very similar to those of undoped CdS NCs, 
and they are determined by the fast Auger  recombination
of photocarriers. These density-dependent photocarrier 
behaviors in CdS NCs are confi rmed by Mn2+ lumines-
cence spectroscopy.
Plasmon-assisted Photoluminescence 
Enhancement of Single-Walled Carbon
Nanotubes on Metal Surfaces
Carbon nanotubes are one of the excellent materials 
for studying the optical properties of excitons, because of 
their unique band structures and large exciton binding
 energies. We demonstrated PL enhancement in single
 carbon nanotubes using localized surface plasmons. Single
nanotube spectroscopy revealed triple the PL intensity
 enhancement for carbon nanotubes on rough Au surfaces
as on fused silica surfaces. The PL enhancement depends
on the excitation wavelength and distance between the
carbon nanotubes and the Au surface. The degree of PL 
enhancement is determined by the electric fi eld enhance-
ment from the localized surface plasmon and the energy
transfer from the carbon nanotube to the metal surface.
Figure 1. Time-gated 
(0–8 ns) PL spectrum 
of SrTiO3 at 8 K (up-
per) and the square root 
of the absorption co-
effi cient at 8 and 85 K 
(lower).
Figure 3. PL images 
of single carbon nano-
tubes on the rough Au 
surfaces. The image size 
is 40×40 μm2. Inset: To-
pographic images of 
rough and fl at Au sur-
faces measured using
atomic force micro-
scopy with a vertical
scale of ±25 nm and 
area of 1×1 μm2.
Figure 2. Intensity ratio of the transient absorption signal at 1 ps to that 
at 500 ps as a function of the average number of initially photocreated
e–h pairs.
58 TOPICS  AND  INTRODUCTORY  COLUMNS  OF  LABORATORIES
Bioinformatics Center








Program-Specifi c Assist Prof
KOTERA, Masaaki
(D Sc)
















DONG, Hong Ju (D3)
OKADA,Yuki (M2)






















Assoc Prof  HUANG, Xin-an   Guangzhou University of Chinese Medicine, China, P. R., 4 October 2009–30 September 2010





Hattori M, Tanaka N, Kanehisa M, Goto S: SIMCOMP/SUBCOMP: Chemical Structure Search  Servers for 
Network Analyses, Nucleic Acids Res., 38, W652-W656 (2010).
Moriya Y, Shigemizu D, Hattori M, Tokimatsu T, Kotera M, Goto S, Kanehisa M: PathPred: An
 Enzyme-catalyzed Metabolic Pathway Prediction Server, Nucleic Acids Res., 38, W138-W143 (2010).
Diez D, Hayes N, Joannin N, Normark J, Kanehisa M, Wahlgren M, Wheelock CE, Goto S: varDB: A Database of Antigenic Variant Se-
quences — Current Status and Future Prospects, Acta Trop., 14, 144 (2010).
Kanehisa M, Goto S, Furumichi M, Tanabe M, Hirakawa M: KEGG for Representation and Analysis of Molecular Networks Involving Di-
seases and Drugs, Nucleic Acids Res., 38, D355-D360 (2010).
Wheelock CE, Wheelock AM, Kawashima S, Diez D, Kanehisa M, van Erk M, Kleemann R, Haeggstrom JZ, Goto S: Systems Biology Ap-
proaches and Pathway Tools for Investigating Cardiovascular Disease, Mol. Biosyst., 5, 588-602 (2009).
The proteins responsible for biosynthesis, biodegradation, and transport of additional molecules, such as small 
metabolites, lipids and glycans, are encoded in the genome, which may indicate that all cellular functions are specifi ed 
by the genomic DNA sequence. In practice, however, inferring higher-level systemic functions of the cell or the 
organism needs more than solely the genomic information. We are developing bioinformatics methods to integrate 
different types of data and knowledge on various aspects of the biological systems towards
basic understanding of life as a molecular interaction/reaction system and also toward practical 
applications in medical and pharmaceutical sciences.
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RCLASS: Reaction Class Database
Recent development of high-throughput measurement 
techniques has put omics research (genomics, proteomics, 
metabolomics, etc.) forward to analysis on organism 
communities. For example, next-generation sequencers 
are expected to be powerful to analyze environmental 
genomics, also referred to as “metagenomics”. Similarly, 
high-throughput mass spectrometry enables to analyze 
metabolomics on organism communities, referred to as 
“meta-metabolomics”.
Our future goal is the integration of metagenomics and 
meta-metabolomics, i.e., linking metagenomic informa-
tion to the interconversion among the chemical substances 
from environment. We developed the E-zyme software for 
the initial step to elucidate enzymes for a partial reaction 
equation. E-zyme is reaction types named as the RDM 
chemical transformation patterns. Specifi c RDM patterns 
are uniquely and preferentially found in specifi c catego-
ries of the KEGG metabolic pathways. We developed 
KEGG RCLASS database, classification of reactions 
based on the RDM patterns of reactions on metabolic 
pathways. One can consider the relationships between 
enzyme reaction similarity and enzyme protein similarity 
even the reaction equation is only partially identifi ed, 
thus RCLASS is proposed to be benefi cial to link meta-
metabolomics to metagenomics, as well as to analyze 




PathPred is a newly developed web tool to predict plau-
sible multi-step enzyme-catalyzed reaction pathways from
a query compound using the information of the biochemical
transformation patterns (RDM patterns) and chemical
structure alignments of substrate-product pairs. PathPred 
provides transformed compounds and reference transfor-
mation patterns in each predicted reaction, and displays
all predicted multi-step reaction pathways in a tree-shaped 
graph. This prediction server focuses on microbial biodeg-
radation of environmental compounds and biosynthesis of 
plant secondary metabolites.
PathPred is a fully automatic server repeating prediction 
cycles until they reach the pre-specifi ed compound, which
is given by the user or is a compound present in the
KEGG metabolic pathway maps. Another unique feature
of PathPred is its potential to link the prediction result to
genomic information. The PathPred server reports new
and alternative reaction steps irrespective of whether 
 enzymes for these steps are known or not. If the enzyme is
not known, the E-zyme tool may be used to assign a
 possible EC number, which may then be used to search
possible genes by sequence similarity of known genes.
Figure 1. Example RCLASS entries and the RPAIR members.
Figure 2. The example of the predicted pathway tree (A) and predicted 
reaction with referenced reactions.
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Akutsu T, Fukagawa D, Takasu A, Tamura T: Exact Algorithms for Computing Tree Edit Distance between Unordered Trees, Theoretical 
Computer Science, 421, 352-364 (2011).
Hayashida M, Akutsu T: Comparing Biological Networks via Graph Compression, BMC Systems Biology, 4 (Suppl. 2), S13 (2010).
Kato Y, Sato K, Hamada M, Watanabe Y, Asai K, Akutsu T: RactIP: Fast and Accurate Prediction of RNA-RNA Interaction Using Integer 
Programming, Bioinformatics, 26, i460-i466 (2010).
Akutsu T: A Bisection Algorithm for Grammar-Based Compression of Ordered Trees, Information Processing Letters, 110, 815-820 (2010).
Nacher JC, Hayashida M, Akutsu T: Emergence of Scale-Free Distribution in Protein-Protein Interaction Networks Based on Random 
 Selection of Interacting Domain Pairs, BioSystems, 95, 155-159 (2009).
 Scope of Research
Due to rapid progress of the genome projects, whole genome sequences of organisms ranging from bacteria to human 
have become available. In order to understand the meaning behind the genetic code, we have been developing 
 algorithms and software tools for analyzing biological data based on advanced information technologies such as theory 
of algorithms, artifi cial intelligence, and machine learning. We are recently studying the following topics: systems 
 biology, scale-free networks, protein structure prediction, inference of biological networks, chemo-informatics, discrete 
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Conditional Random Field Approach to
Prediction of Protein-Protein Interactions
Using Domain Information
Exploration of functions and interactions of proteins 
and domains is important for understanding cellular systems 
and biological networks. Many methods for predicting 
protein-protein interactions have been developed. It is 
known that mutual information between residues at inter-
acting sites can be higher than that at non-interacting sites. 
It is based on the thought that amino acid residues at inter-
acting sites have coevolved with those at the corresponding 
residues in the partner proteins. Several studies have 
shown that such mutual information is useful for identifying 
contact residues in interacting proteins.
We propose novel methods using conditional random 
fi elds for predicting protein-protein interactions. We focus 
on the mutual information (MI) between residues, and 
combine it with conditional random fi elds. In the methods, 
protein-protein interactions are modeled using domain-
domain interactions. Therefore, MI is calculated for each 
domain pair as the maximum of MIs between residues.
We perform computational experiments using protein-
protein interaction datasets for several organisms, and 
calculate AUC (Area Under the Curve) score. The results 
suggest that our proposed methods with and without 
mutual information outperform EM (Expectation Maximi-
zation) method proposed by Deng et al., which is one of 
the best predictors based on domain-domain interactions. 
Our methods based on domain-domain interactions are 
useful for predicting protein-protein interactions.
Compound Analysis via Graph Kernels
Incorporating Chirality
In chemoinformatics and bioinformatics, drug design 
is one of the main practical and industrial targets. In the
development of new pharmaceuticals, in order to fi nd lead 
compounds, researchers must often select a small subset 
of compounds from a vastly larger set that satisfi es design
requirements. After compound selection, high-throughput 
screening is a method for the synthesis and evaluation of 
compounds, although it requires considerable time and 
cost. Therefore, it is advantageous to reduce screening to
only those candidates which have been fi ltered by compu-
tational prediction. A major approach to property predic-
tion is to quantitatively analyze the structural features of a
compound and fi nd a connection between the target prop-
erty and features analyzed. This methodology is known as
a Quantitative Structure-Activity/Property Relationship
(QSAR or QSPR).
In QSPRs, it is very important to achieve high accuracy.
Though existing graph-theoretic kernel methods combined 
with machine learning techniques are effi cient for QSPR 
model construction, they cannot distinguish topologically
identical chiral compounds which often exhibit different 
biological characteristics. In this study, we propose a new
method that extends the recently developed tree pattern
graph kernel to accommodate stereoisomers. We show
that Support Vector Regression (SVR) with a chiral graph
kernel is useful for target property prediction by demon-
strating its application to a set of human vitamin D receptor 
ligands currently under consideration for their potential
anti-cancer effects.
Figure 1. Distributions of domain MIs for H. sapiens, D. melanogaster, 
and C. elegans.
Figure 2. Markov 
random field model 
for protein-protein 
interactions.
Figure 3. Difference in feature vectors yielded by chirality. Atoms are
corresponding to labeled graph nodes, and a bond is corresponding to
two oppositely directed graph edges with identical labels indicating the
bond order.
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Hancock T, Takigawa I, Mamitsuka H: Mining Metabolic Pathways through Gene Expression, Bioin-
formatics, 26 (17), 2128-2135 (2010).
Hu X, Zhou W, Udaka K, Mamitsuka H, Zhu S: MetaMHC: A Meta Approach to Predict Peptides
Binding to MHC Molecules, Nucleic Acids Research, 38, W474-W479 (2010).
Hancock T, Mamitsuka H: Boosted Optimization for Network Classifi cation, Proceedings of the 13th
International  Conference on Artifi cial Intelligence and Statistics (AISTATS 2010) (JMLR: Workshop
and Conference Proceedings), Vol. 9, 305-312 (2010).
 Scope of Research
Mechanisms of biological functions can be shown by pathways in biological networks, such as metabolic network, 
 signal transduction pathways and protein-protein interactions. We are interested in mining pathways related with 
 biological conditions, such as patients/normal, by not only using biological networks but also the data of showing genes/
proteins activities such as gene expression. Our approach is to develop new machine learning/data mining techniques for 
our interest, especially focusing on integrating different types of biological data including networks and graphs in biology.
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Mining Metabolic Pathways through Gene 
Expression
Metabolic networks are maps of chemical reaction 
pathways that are known to occur within a cell. The activity 
of each metabolic pathway is controlled by the activation 
and interaction between genetic pathways. For many or-
ganisms the reaction structure and genetic dependencies 
of metabolism have been identifi ed and are stored within 
the Kyoto Encyclopedia for Genes and Genomes (KEGG) 
database. The KEGG database reveals that metabolic 
networks are large and highly complex. This size and 
complexity is suffi cient to hide the key genetic pathways 
which defi ne the response of the metabolic network to 
external stimuli.
Pathways of coordinated gene expression determine 
which metabolic compounds can be synthesized, and thus 
can defi ne the function of metabolic networks. Additionally, 
microarray experiments have allowed researchers to mea-
sure gene expression under various experimental condi-
tions. Since their inception, bioinformatics methods have 
tried and combine microarray expression and metabolic 
networks to identify the pathways that drive an observed 
response. In this research we have developed a framework 
to identify the functional metabolic pathways within gene 
expression.
Our approach is a combination of probabilistic models 
for pathway ranking, clustering and classifi cation and is 
freely available as an R package: PathRanker.
PathRanker fi rst employs a non-parametric pathway
extraction method to identify the most highly correlated 
paths through the metabolic network. Figure 1 presents an
image the top 1000 pathways for yeast in stationary phase
compared with control observations. In Figure 1 each row
is a pathway and each column is a gene. The left plots
show the probability and p-value of each path, and the
bottom bar plot displays the probability of a gene over all
paths. Clearly visible in Figure 1 is a block of pathways
defi nes yeast's stationary phase.
PathRanker can then extract the defining structure
within the top ranked pathways using Markov clustering
and classifi cation algorithms. The result of 3M Markov
clustering is presented in Figure 2. The pathways in
 Figure 2 summarize 93% of yeast's stationary phase
pathways . The analysis of these identifi ed pathways can
be performed at multiple resolutions including interacting
genes, reactions, compounds and pathways (Figure 2). We
also confi rm the importance of these pathways from a
 biological perspective.
Finally we would like to emphasize that integrating
probabilistic path ranking with clustering or classifi cation
is a reasonable combination in terms of machine learning,
because path ranking generates tons of pathways which
might be redundant because of the complex nature of 
metabolic networks while a large number of pathways can
be summarized by clustering or classifi cation.
Figure 1.
Figure 2.
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Application of fundamental studies on decomposition and formation of 
formic acid to the hydrogen energy technology is under investigation  using
NMR, Raman, and IR spectroscopy. This hydrogen-water energy cycle
does make a contribution to the CO2 reduction and to a progress in energy-
saving society. We are taking advantage of the solvation effect on the equi-
librium of formic acid formation or decomposition from formic acid to
 capture and deposit CO2 on a large scale. Fundamental aspects of pyrolysis
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Green Chemical Approach to Energy and 
Environmental Problems Using Hot Water 
and Carbon Dioxide
Millions of natural and artifi cial organic and inorganic 
compounds have been found and synthesized by scientists 
and made useful directly in a KYOUSEI or earth-friendly 
style or after the industrial mass production. The materials 
processing and commercialization have helped us improve 
our way of life, welfare, and democracy for the past 300 
years. Nevertheless molecular and/or ionic systems of tens 
of atoms, nanometer-sized, are not yet fully understood 
and utilized in harmony or coexistence with our environ-
ment (KYOUSEI). More advances in green science and 
technology are required for achieving the dream of society 
sustainability by solving environment and energy resource 
issues under the conditions of KYOUSEI. We should 
develop the green chemistry of rather small and simple 
molecules in hot water in order to reduce CO2 emission. 
Thus we need to invent renewable synthetic fuels.
Energy is continuously necessary for keeping or devel-
oping our welfare for billions of people on Earth. The 
world-wide motorization can liberate us from severe labor 
work for men and women, e.g., coal and gold mining and 
house-keeping work. However civilization, a departure 
from the genuinely green primitive life, requires energy. 
Energy is generated by the oxidation of such fossil fuels as 
coal, petroleum, and natural gases where solar energy is 
chemically accumulated through photosynthesis by chlo-
rophylls after the transformation and integration. Chemi-
cal energy is used directly in mechanical engines or indi-
rectly through electricity. Also human beings and wild 
animals eat naturally produced or processed foods for the 
internal burning to generate energy. Anyway we consume 
energy and plants or greens on land and in sea storing 
energy from Sun into the chemical bonds, C-C, C-H, OH, 
etc. that lead to the exothermic oxidation reactions. Is our 
civilization merely destined to be like this? Are there no 
detours? Answers to these questions can create green 
chemistry. Can chemistry fi nd them? Yes we can. A detour 
must be green. Such a green chemical way can be 
constructed by preventing or delaying the fossil burning 
as much as we can. The burning of hydrogen results only 
at the production of H2O that is essentially our Earth 
environment because our planet is covered with water in 
the hydrosphere. Change the burning from carbon to 
hydrogen as much as we can. How to get hydrogen at a 
low cost? Cheap hydrogen is generated in iron works 
where hydrogen is generated as a by-product from the 
reaction of supercritical water and carbon, the water-gas-
shift reaction. Such by-product hydrogen is also produced 
on a large scale by electrolysis of aqueous NaCl solution 
in soda industries.
Toward a new-generation hydrogen-fuel technology, we 
propose formic acid, which is hydrothermally connected 
with H2, CO, and CO2, as a chemical tank for hydrogen
storage and transportation. This is a new version of the
 industrially famous water-gas-shift reaction.
In sub- and supercritical water, formic acid decomposes
without catalysts in the following two pathways:
HCOOHR CO + H2O (decarbonylation) (1)
HCOOHR CO2+ H2  (decarboxylation) (2)
The reversibility of the decarbonylation has been
discovered by the direct NMR observation of the conver-
sion of CO to HCOOH in hot water and furthermore by the
stability analysis based on the free energies for the simple
molecules (HCOOH, CO, CO2, H2, and H2O) involved. The
reversibility and the coupling of the reactions given by
reactions (1) and (2) clearly indicate that formic acid 
 exists as an intermediate in the water-gas-shift (WGS)
 reaction, which has long been known to generate hydro-
gen from water as a clean fuel. Now the new expression of 
the WGS reaction is:
CO + H2O R HCOOHR CO2 + H2 (3)
The kinetics and equilibrium of the new WGS reaction
can be comprehensively established by determining the rate
and equilibrium constants for the decarbonylation and the
decarboxylation of formic acid by means of NMR. The
kinetic and equilibrium investigations are carried out on
the hydrothermal decomposition processes (1) and (2) of 
formic acid, the intermediate of the water-gas-shift (WGS)
reaction, in hot water at temperatures of 170-330 °C. On
the basis of the kinetics and equilibrium of the  formic acid 
decomposition, the WGS reaction (3) can be controlled in
a desirable direction by tuning temperature and pH of hot 
water. To develop the concept of the chemical-tank 
HCOOH for H2 the optimization of the reaction parameters,
such as temperature, pressure, and solvent (room tempera-
ture ionic liquids) is intensively surveyed. It has been
found that when the temperature lowered to 150 °C the
yield of HCOOH increases by a factor of 500 despite the
slowdown of the reaction rate. The formation of HCOOH
is exothermic as predicted.
[Adapted from the key-note lecture by M. Nakahara in the Interna-
tional, 10th KYOUSEI Science Center Symposium, Nara Women’s
University, 4 December 2010.]
Figure 1. The hydrogen-water-energy-cycle via formic acid intermediate
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STARTING-UP SUBJECTS
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University
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SHIGENOBU, Shuji, National Institute for Basic Biology
Host in JURC KANEHISA, Minoru
Efficient and Flexible Algorithms for Pattern Matching of 
 Tree-structured Data in Bioinformatics
TAKASU, Atsuhiro, National Institute of Informatics
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sha University
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KAWAHARA, Yutaka, Faculty of Engineering, Gunma University
Host in JURC TSUJI, Masaki
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72 VISITING PROFESSORS’ ACTIVITIES IN ICR
Laboratory of Inorganic Photonics Materials
Professor, Graduate School of Engineering, 
Tohoku University
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Universite’ de Rennes, Sciences Chimiques de Rennes
[Germany]
Georg-August-University of Göttingen, Institute for Physical 
Chemistry
Max Planck Institute for Nuclear Physics
Max Planck Institute for Mathematics in the Sciences
Max Planck Institute of Colloids and Interfaces
Philipps University Marburg, Material Sciences Center
Technische Universität München, Physik Department
Universität Regensburg, Institute für Experimentalle und 
 Angewandte Physik
University of Würzburg, Chemical Technology of Materials
Synthesis
[Israel]
Ben Gurion University of the Negev, Department of Computer 
Science
[Italy]
University of Ferrara, Faculty of Mathematical, Physical and 
Natural Sciences
University of Naples, Department of Chemical Engineering
University of Padova, Department of Chemical Science
University of Perugia, Faculty of Mathematical, Physical and 
Natural Sciences
[Korea, R.]
Dong-A University, Department of Molecular Biotechnology
Korea University, Department of Materials Science and Engineering
Seoul National University, School of Chemical and Biological
Engineering
[Netherlands]
TU Delft, Reactor Institut Delft
[Poland]
Polish Academy of Sciences
[Russia]
Joint Institute for Nuclear Research
[Singapore]
A*STAR, Institute for Infocomm Research
National University of Singapore, Yong Loo Lin School of 
Medicine
Singapore Immunology Network, Laboratory of Immunogenetics
and Viral Host-Pathogen Genomics
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[Sweden]
Karolinska Institutet, Center for Molecular Medicine and Depart-
ment of Molecular Medicine and Surgery
Karolinska Institutet, Department of Medical Biochemistry and 
Biophysics
Karolinska Institutet, Department of Medicine
Karolinska Institutet, Department of Microbiology, Tumor and 
Cell Biology
Karolinska Institutet, Karolinska University Hospital Solna and 
Department of Medicine
Swedish Institute for Infectious Disease Control (SMI)
[Switzerland]
ETH Zürich, Solid State Physics Laboratory
Paul Scherrer Institut, Laboratory for Muon Spin Spectroscopy
[Thailand]
Chiang Mai University, Faculty of Science
National Metal and Materials Technology Center
[U.K.]
The University of Edinburgh, Centre for Science at Extreme
Conditions (CSEC) and School of Chemistry
University of Nottingham, School of Physics & Astronomy
University of Southampton, School of Chemistry
[U.S.A]
Argonne National Laboratory
Brown University, Department of Chemistry
Columbia University, Department of Chemistry
Columbia University, Department of Physics
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory, Materials Sciences
Division and Environmental Energy Technologies Division
Rice University, Department of Chemistry and Bioengineering
State University of New York at Stony Brook, Department of 
Chemistry
University of California, Department of Chemical Engineering
University of California, Santa Barbara, Materials Department
University of Florida, Department of Chemistry
University of Hawaii, Department of Oceanography
Yale University, Department of Physics
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SELECTED GRANTS
DIVISION OF SYNTHETIC CHEMISTRY
— Organoelement Chemistry —
Tokitoh N, Sasamori T, Mizuhata Y, The Chemistry of Unsatu-
rated Compounds of Heavier Main Group Elements: Pursuit of 
Novel Properties and Functions, Grant-in-Aid for Creative Sci-
entifi c Research, 1 April 2005–31 March 2010.
Tokitoh N, Construction of Polycyclic Aromatic Compounds 
Containing Heavier Group 14 Elements and Development of 
Their Functions by Utilizing the Features of Main Group 
Elements, Grant-in-Aid for Scientifi c Research (B), 1 April
2010 –31 March 2013.
Sasamori T, Construction of Novel d-π Electron Conjugated 
Systems Containing Heavier Main Group Elements and Transi-
tion Metals and Elucidation of Their Properties, Grant-in-Aid for 
Science Research on Priority Areas "Synergy of Elements", 1 
April 2007–31 March 2010.
Mizuhata Y, Construction of Novel Silicon–Silicon Double-Bond 
Compounds Bearing Alkynyl Substituents, Grant-in-Aid for 
Young Scientists (B), 1 April 2009–31 March 2012.
Mizuhata Y, Syntheses of Polycyclic Aromatic Compounds 
Containing Heavier Group 14 Elements and Their Functions, 
Kinki Invention Center, 1 April 2010–31 March 2011.
Agou T, Development of Electron-accepting Conjugated Mole-
cules Densely Substituted with Boron Atoms, Grant-in-Aid for 
Young Scientists (B), 1 April 2009–31 March 2011.
Kawashima T, Kobayashi J, Agou T, Development of 
Dimensionally-Extended Hetero-π-conjugated Molecules, Grant-
in-Aid for Scientifi c Research (B), 1 April 2009–31 March 2012.
— Structural Organic Chemistry —
Murata Y, Synthesis and Properties of Bowl-shaped π-Systems 
by Top-down Approach, Grant-in-Aid for Young Scientists (A), 1 
April 2008–31 March 2011.
Murata Y, Creation and Function of Spherical π-Space Encapsu-
lating an Active Small Molecule, Grant-in-Aid for Scientifi c 
Research on Innovative Areas “π-Space”, 1 December 2008–
March 2013.
Wakamiya A, Creation of π-Electron Boron Clusters Using 
Lewis Basic Ligand, Grant-in-Aid for Challenging Exploratory 
Research, 1 April 2009–31 March 2011.
Wakamiya A, Development of Organic Dyes Based on Fine 
Tuning of π-Orbitals Using DFT Calculations, PRESTO (Precur-
sory Research for Embryonic Science and Technology), Japan 
Science and Technology Agency, 1 October 2010–31 March 
2016.
Murata M, Construction of Spherical Conjugated π-Electron
 Systems and Elucidation of Their Functions, Grant-in-Aid for 
Young Scientists (B), 1 April 2010 –31 March 2012.
— Synthetic Organic Chemistry —
Kawabata T, Fine Organic Synthesis Based on Catalytic Regiose-
lective Functionalization, Grant-in-Aid for Scientifi c Research
(A), 1 April 2009–31 March 2013.
Furuta T, Synthesis of Functionalized Artifi cial Phospholipids for 
Investigation of Membrane Related Biosystems, Grant-in-Aid 
for Scientifi c Research (C), 1 April 2008–31 March 2011.
Yoshimura T, Asymmetric Total Syntheses of Bioactive Natural
Products via Planar Chiral Enolates, Grant-in-Aid for Young
 Scientists (B), 1 April 2009–31 March 2011.
DIVISION OF MATERIALS CHEMISTRY
— Chemistry of Polymer Materials —
Tsujii Y, Fabrication of Precise Characterization of Novel Tri-
bomaterials, Grant-in-Aid for Scientifi c Research（A）, 1 April
2009–31 March 2012.
Tsujii Y, Development of Novel Nanosystems by Hierarchically
Assembling Concentrated Polymer Brushes, CREST Program by
JST, 1 October 2009– 31 March 2012.
Tsujii Y, Research and Development of Safe Solid-Electrolyte
by Hybridization of Ionic Liquids and Polymers, Research and 
 Development for Promotion of Regional Innovation Program by
JST, 9 August 2010–31 March 2011.
Ohno K, Development of Next-Generation MRI Contrast Agent,
Industrial Technology Research Grant Program by NEDO, 1 July
2009–30 June 2013.
— Polymer Controlled Synthesis —
Yamago S, Creation of Hoop-Shaped π-Conjugated Molecules
through the Supramolecular Chemical Approach and Elucidation
of Their Properties, Core Research for Evolutional Science and 
Technology (CREST), Japan Science and Technology Agency, 1
October 2010 –31 March 2016.
— Inorganic Photonics Materials —
Masai H, Fabrication of Glass-ceramic Containing Oxide Semi-
conductor and Metal Nanocrystallites, Grant-in-Aid for Young
Scientists (B), 1 April 2010 –31 March 2013.
Masai H, Fabrication of White Phosphor for UV LED Using Low-
melting Glass, Adaptable and Seamless Technology Transfer 




Ono T, Current-indued Spin Dynamics and Its Application to
Spintronic Devices, Grant-in-Aid for Young Scientists (S), 1 Oc-
tober 2007–31 March 2012.
Kobayashi K, Generation and Detection of Quantum Correlation
in Semiconductor Nanostructures, Grant-in-Aid for Young Sci-
entists (S), 1 October 2007–31 March 2012.
Chiba D, Study on the Electric-fi eld Manipulation of Magnetiza-
tion, Grant-in-Aid for Young Scientists (A), 1 April 2009–31
March 2012.
DIVISION OF BIOCHEMISTRY
— Biofunctional Design-Chemistry —
Futaki S, Novel Methods for Delivering Nucleic Acids Thera-
peutics, JST, Strategic Japanese-Swedish Cooperative  Programme
on “Multidisciplinary BIO”, 1 July 2009–30 June 2012.
— Chemistry of Molecular Biocatalysts —
Hiratake J, Applications of Cellular Collagen Biosynthesis
 Induced by Novel γ-Glutamyl Transpeptidase (GGT) Inhibitors,
Adaptable and Seamless Technology Transfer Program through
Target-Driven R & D (A-STEP), Japan Society and Technology
Agency, 1 December 2009–31 March 2012.
— Molecular Biology —
Aoyama T, Mechanism of Cytokinin Signal Transduction by the
Response Regulator ARR1, Grant-in-Aid for Scientifi c Research
(B), 1 April 2009–31 March 2012.
Tsuge T, Regulatory Mechanism of Plant Morphogenesis by the
Regulator of mRNA Metabolism SAP130, Grant-in-Aid for 
 Scientifi c Research (C), 1 April 2010–31 March 2012.
— Chemical Biology —
Uesugi M, Small-molecule Initiated Analysis of Cellular Signal-
ing, Grant-in-Aid for Scientifi c Research (B), 1 April 2009–31
March 2012.
Uesugi M, Small Molecules that Promote the Production of iPS
Cells, The Project for Realization of Regenerative Medicine, 1
April 2008–31 March 2013.
Uesugi M, Practical Application of Small Molecules that Promotes
Cell Adhesion, Adaptable and Seamless Technology Transfer 
 Program through Target-Driven R&D, 1 November 2009–31
 October 2010.
Kawazoe Y, Chemical Genetic Analysis of Vacuole Formation,
Grant-in-Aid for Scientifi c Research (C), 1 April 2008–31 March
2011.
DIVISION OF ENVIRONMENTAL CHEMISTRY
—Molecular Materials Chemistry—
Kaji H, Fabrication of High-Performance Polymer EL Devices 
Having Covalently-Bonded Interfaces, Grant-in-Aid for Scientifi c 
Research (A), 1 April 2009–31 March 2012.
Kaji H, Development of Solid-State NMR Methodology for the 
Structure Analysis of Donor-Acceptor Supramolecules, Grant-in-
Aid for Challenging Exploratory Research, 1 April 2009–31 
March 2010.
Goto A,Development of Green Living Radical Polymerization 
with Low Cost, Industrial Technology Research Grant Program 
by NEDO, 10 September 2007–31 August 2011.
Goto A, Fundamentals and Applications of New Living Radical 
Polymerization, Kyoto University Step-up Research Grant, 4 
June 2009–31 March 2010.
—Hydrospheric Environment Analytical Chemistry—
Sohrin Y, Development of Precise Isotopic Analysis for Found-
ing Heavy Stable Isotopic-Marine Chemistry, Grant-in-Aid for 
Scientifi c Research (B), 1 April 2009–31 March 2012.
Sohrin Y, Development of Marine Geochemistry of Palladium, 
Platinum and Gold, Grant-in-Aid for Challenging Exploratory 
Research, 1 April 2010–31 March 2012.
Murayama M (Investigator: Sohrin Y), Reconstruction of  Redox 
Conditions in Meedee Lake, Mediterranean, Sediment Core 
Using Molybdenum/Tungsten Ratio, Grant-in-Aid for Scientifi c 
Research (C), 1 April 2010 –31 March 2013.
—Solution and Interface Chemistry—
Matubayasi N, Free-Energy Analysis of ATP Hydrolysis, Grant-
in-Aid for Scientifi c Research on Innovative Areas “Hydration 
and ATP Energy”, 1 December 2008–31 March 2013.
—Molecular Microbial Science—
Kurihara T, Molecular Basis of Cold Adaptation of Psychrotro-
phic Bacteria, Grant-in-Aid for Scientifi c Research (B), 1 April 
2008–31 March 2011.
Kurihara T, Exploration of Cold-Adapted Microorganisms for 
Development of New Low-Temperature Biotechnological Pro-
cesses, Grant-in-Aid for Scientifi c Research (B), 1 April 2010–31 
March 2013.
Kurihara T, Investigation of Chaperone Function of Phospholip-
ids Containing Polyunsaturated Fatty Acids and Their Applica-
tion to Overproduction of Membrane Proteins, Grant-in-Aid for 
Challenging Exploratory Research, 1 April 2010 –31 March 2012.
Kurihara T, Construction of a New Protein Expression System by 
Using Cold-Adapted Microorganisms Isolated from Polar Re-
gions, Research Grant from Institute for Fermentation, Osaka 
(IFO), 1 April 2010–31 March 2011.
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Kawamoto J, Development of a System for the Bioremediation 
of Rare Metal Pollution and Rare Metal Recovery Using Novel 
Metal-Metabolizing Bacteria, Grant-in-Aid for Scientifi c Research 
(B), 1 April 2009–31 March 2012.
DIVISION OF MULTIDISCIPLINARY CHEMISTRY
—Polymer Materials Science—
Kanaya T, Polymer Crystallization and Control of Higher Order 
Structure Control through Non-equilibrium Intermediate States, 
Grant-in-Aid for Scientifi c Research (A), 1 April 2008–31 March 
2011.
Inoue R, Surface and Interfacial Physical Properties of Polymer 
Thin Films Studied by Neutron Scattering, Grant-in-Aid for 
Young Scientists (B), 1 April 2010–31 March 2012.
—Molecular Rheology—
Watanabe H, Creation of Non-equilibrium Soft Matter Physics: 
Structure and Dynamics of Mesoscopic Systems, Grant-in-Aid 
for Scientifi c Research on Priority Areas “Creation of Non-
Equilibrium Soft Matter Physics”, 1 October 2006–31 March 
2011.
Watanabe H, Effect of Thermodynamical and Geometrical 
Constraints on the Dynamics of Block-copolymers, Grant-in-Aid 
for Scientifi c Research (B), 1 April 2009–31 March 2012.
Masubuchi Y, Multi-scale Simulations for Soft Matters, Core 
Research for Evolutional Science and Technology, Japan Science 
and Technology Agency, 1 October 2006–31 March 2012.
Masubuchi Y, A Novel Molecular Model for Branched Polymer 
Dynamics, Grant-in-Aid for Scientifi c Research (B), 1 April 
2008–31 March 2011.
Matsumiya Y, Analysis on Mechanical Properties of Multi-
Component Fluids Utilizing Dielectric Measurements, Grant- in-
Aid for Young Scientists Research (B), 1 April 2010–31 March 
2012.
Uneyama T, Theory of Mechanical and Dielectric Response of 
Polymers under Shear Flow, Grant-in-Aid for Young Scientists 
(B), 1 April 2010–31 March 2012.
—Molecular Aggregation Analysis—
Yoshida H, Inverse-Photoemission Spectroscopy with Zero Ki-
netic Energy Electrons for Measuring the Unoccupied Electronic 
States of Organic Semiconductors, JST PRESTO, 1 October 
2009–31 March 2012.
—Supramolecular Biology—
Umeda M, Membrane Lipid Field Produced by Phospholipid 
Flippase and Its Role in Cytoskeletal Reorganization, Grant-in-
Aid for Scientifi c Research on Priority Areas, 1 April 2008–31 
March 2010.
Ikenouchi J, Elucidation of Molecular Mechanisms Which 
Generate and Maintain Discrete Membrane Domains in Polar-
ized Cells, PRESTO, Japan Science and Technology Agency, 1 
October 2007–31 March 2011.
Ikenouchi J, Determination of Lipid Compositions of Particular 
Membrane Domains in Epithelial Cells, Grant-in-Aid for Young
Scientists (A), 1 April 2009–31 March 2013.
Kato U, Basic Research for Development of Novel Anti-tumor 
Drugs Targeting Membrane Phospholipid Flip-fl op, Grant-in-Aid 
for Young Scientists (B), 1 April 2009–31 March 2011.
ADVANCED RESEARCH CENTER FOR BEAM SCIENCE
—Particle Beam Science—
Noda A, Creation of Innovation Centers for Advanced Interdisci-
plinary Research Areas: Photo-Medical Valley, Special Coordi-
nation Funds for Promoting Science and Technology, 1 June
2007–31 March 2010.
Iwashita Y, Application and Development of Super Strong
 Permanent Magnet Especially for Linear Collider and Neutron
Optics, Grant-in-Aid for Scientifi c Research (A) (1), 1 April
2006–31 March 2010.
—Laser Matter Interaction Science—
Sakabe S, Fine Wire High-energy Electron Gun Driven by an
 Intense Femtosecond Laser, Grant-in-Aid for Challenging
 Exploratory Research, 1 April 2010 –31 March 2012.
Sakabe S, Emonstration of Ultra-fast Electron Diffraction Using
Electrons Accelerated in Plasmas Produced by an Intense Short 
Pulse Laser, Yamada Science Foundation, 1 April 2010 –31 March
2012.
Sakabe S, Time Resolved Electron Microscope with Intense
Femtosecond Laser Produced Electrons, Grant-in-Aid for Scien-
tifi c Research (A), 1 April 2006–31 March 2010.
Hashida M, Amorphous Metal Thin Film with the Surface of 
 Periodic Nano-structures Self-formed by Femtosecond Laser 
Pulses, Grant-in-Aid for Scientifi c Research (C), 1 April 2010 –31
March 2013.
Hashida M, Improvement of Ablation Rate for Femtosecond 
 Laser Processing, Amada Foundation for Metal Work Technolo-
gy, 14 December 2007–31 March 2010.
Tokita S, Development of Short-Pulse Intense Laser Technology
in Mid-Infrared Fluoride Fiber Lasers, Grant-in-Aid for Young
Scientists (B), 1 April 2010–31 March 2012.
Tokita S, Development of Mid-Infrared Femtosecond Fiber Laser 
Using Fluoride Grass Fibers, Amada Foundation for Metal Work 
Technology, 15 December 2008–31 March 2011.
Tokita S, Development of Mid-Infrared High-Power Ultrashort-
Pulse Fiber Laser, Grant-in-Aid for Young Scientists (B), 1 April
2008–31 March 2010.
—Electron Microscopy and Crystal Chemistry—
Kurata H, Local State Analysis of Defects and Interface Regions
by Sphencial Aberration Corrected STEM and EELS, Grant-in-
Aid for Scientifi c Research (B), 1 April 2007–31 March 2010.
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Isoda S, Development of Observation Method of Polymer Com-
posite Materials without Stating by Scanning Transmission Elec-
tron Microscope, Grant-in-Aid for Scientifi c Research (C), 1
April 2008–31 March 2011.
INTERNATIONAL RESEARCH CENTER FOR 
 ELEMENTS SCIENCE
—Organic Main Group Chemistry—
Nakamura M, Development of New Synthetic Organic Reactions
Based on the Universal Metals Catalysis, Grant-in-Aid for Young
Scientists (S), 1 April 2008–31 March 2013.
—Advanced Solid State Chemistry—
Shimakawa Y, Strategic State-of-the-art Solid State Chemistry
for New Functional Materials: Exploring for New Multi-
 functional Materials, Grant-in-Aid for Creative Scientifi c Re-
search, 1 April 2007–31 March 2012.
—Organotransition Metal Chemistry—
Ozawa F, Takita R, Nakajima Y, Studies of Cross-coupling
 Reactions for Precise Synthesis of π-Conjugated Polymers,
Grant-in-Aid for Scientifi c Research on Priority Areas, 1 April
2008–31 March 2010.
Ozawa F, Okazaki M, Takita R, Nakajima Y, Synergistic Effects
of Transition Metals and Heavier Main Group Elements in
 Functional Organometallic Complexes, Grant-in-Aid for Priority
Area “Synergy of Elements”, 1 September 2006 –31 March 2010.
Nakajima Y, Effi cient Photoreduction of Carbon Dioxide Cata-
lyzed by an Iron Complex Bearing a Phosphaalkene Ligand,
PRESTO Program, Japan Science and Technology Agency, 1
October 2009–31 March 2012.
—Photonic Elements Science—
Kanemitsu Y, Microscopic Spectroscopy of Highly Excited State
in Semiconductor Nanostructures and Exploring Novel Optical
Functionality, Grant-in-Aid for Scientifi c Research on Innovative
Areas “Optical Science of Dynamically Correlated Electrons”,
13 November 2008–31 March 2013.
BIOINFORMATICS CENTER
—Bioknowledge Systems—
Kanehisa M, Backbone Database for Analysis of the Biological
Systems and Environment, Grant-in-Aid for Scientifi c Research
on Priority Areas, MEXT, 1 April 2005–31 March 2010.
Kanehisa M, Deciphering Systemic Biological Functions by
 Integration of Genomic and Environmental Information, Bioin-
formatics Research and Development, JST, 1 April 2006–31
March 2011.
Goto S, Hierarchical Structuring and Integration of Knowledge
in Life Sciences, Integrated Database Project, MEXT, 1 April
2007–31 March 2011.
—Biological Information Networks—
Akutsu T, Kawabata T, Nagamochi H, Hayashida M, An 
Approach to Novel Structural Design by Combining Discrete 
Methods and Kernel Methods, Grant-in-Aid for Scientifi c Re-
search (A) (General), 1 April 2010 –31 March 2015.
Akutsu T, Discrete Model-Based Methods for Control of Com-
plex Biological Systems, Grant-in-Aid for Challenging Explor-
atory Research, 1 April 2010 –31 March 2013.
—Pathway Engineering—
Mamitsuka H, Integrative Mining from Semi-structured Data in 
Life Sciences, Institute for Bioinformatics and Research Devel-
opment, Japan Science and Technology Agency, 1 October 
2007–30 September 2010.
ENDOWED RESEARCH SECTION
—Water Chemistry Energy (AGC) —
Nakahara M, Development of Formic Acid Production Highly 
Controlled by the Water-Gas Shift Reaction, Aiming at the 
Hydrogen Storage and the Hydrogen Transportation, to Promote 
Basic Research by Research Personnel in Private-Sector Busi-
ness, Japan Science and Technology Agency, 1 December 2009–
30 November 2010.
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THESES
AMR, Mohammed Hassan
D Agr, Kyoto University
“Studies of Novel Enzymes Involved in Metabolism of 2-
Chloroacrylic Acid”
Supervisor: Assoc Prof  KURIHARA, Tatsuo
24 September 2010
BROWN, John
D Inf, Kyoto University
“Kernel Methods in Biochemical Informatics and Applications 
to DNA Repair Research”
Supervisor: Prof  AKUTSU, Tatsuya
23 March 2010
DELMO, Michael Picazo
D Sc, Kyoto University
“Large Magnetoresistance Effect in Silicon in Non-Ohmic 
Transport Regimes”
Supervisor: Assoc Prof  KOBAYASHI, Kensuke
23 March 2010
HARUTA, Mitsutaka
D Sc, Kyoto University
“Development and Application of Site-resolved Analysis by 
HAADF-STEM Method”
Supervisor: Assoc Prof  KURATA, Hiroki
23 March 2010
HIRANO, Daisuke
D Sc, Kyoto University
“Photoluminescence Dynamics of Highly Dense Excitons in 
Wide-band-gap Semiconductor Mixed Crystals”
Supervisor: Assoc Prof  MATSUDA, Kazunari
23 March 2010
INAMURA, Koji
D Sc, Kyoto University
“Elucidation of the Properties of Stable Phenanthrenes Containing 
a Heavier Group 14 Element”
Supervisor: Prof  TOKITOH, Norihiro
23 March 2010
KAWAI, Masanori
D Sc, Kyoto University
“Investigations of Resistance Switching Phenomena Observed 
for Epitaxially-grown Transition Metal Oxide Thin Films”
Supervisor: Prof  SHIMAKAWA, Yuichi
23 March 2010
MATSUMOTO, Teruyuki
D Sc, Kyoto University
“Studies on Novel Monoanionic Bidentate Ligands Bearing a 
Low-coordinated Phosphorus Atom”
Supervisor: Prof  TOKITOH, Norihiro
23 March 2010
MORISAKI, Tatsuya
D Pharm Sc, Kyoto University
“DNA Binding Kinetics of Multi-Zinc Finger Proteins in Living
Cells”
Supervisor: Prof  FUTAKI, Shiroh
23 March 2010
NAKAGAWA, Yusuke
D Sc, Kyoto University
“Stable Isotope Marine Geochemistry of Molybdenum and Tung-
sten”
Supervisor: Prof  SOHRIN, Yoshiki
23 March 2010
OKA, Kengo
D Sc, Kyoto University
“Investigations on Structural and Physical Properties of Pb or 
Bi-based Perovskite Oxides”
Supervisor: Prof  SHIMAKAWA, Yuichi
23 March 2010
TAKARABE, Masataka
D Pharm Sc, Kyoto University
“Network-based Analysis and Characterization of Drug Interactions”
Supervisor: Prof  KANEHISA, Minoru
23 March 2010
TAMADA, Yoshinori
D Sc, Kyoto University
“Synthesis and Characterization of Magnetic Metallic Nanoparticles”
Supervisor: Prof  ONO, Teruo
23 March 2010
TANABE, Yusuke
D Sc, Kyoto University
“New Aspects in the Chemistry of Silaaromatic Compounds and 
Coordination Chemistry Based on SiC5 Ring Skeletons”
Supervisor: Prof  TOKITOH, Norihiro
23 March 2010
TANAKA, Michihiro
D Pharm Sc, Kyoto University
“Analysis of the Relationship between Eukaryote Genomes and 
Lipid Molecular Species”
Supervisor: Prof  KANEHISA, Minoru
23 March 2010
TANIGUCHI Y, Yukimi
D Sc, Kyoto University
“Biological Function of the Phospholipase Dξ2 Gene of Arabi-
dopsis thaliana”
Supervisor: Prof  AOYAMA, Takashi
23 March 2010
TSURUSAKI, Akihiro
D Sc, Kyoto University
“Studies on the Construction of Extended π-Electron Conjugated 
Systems Bearing a Diphosphene Unit”




D Pharm Sc, Kyoto University
“Creation of Novel Substances Based on Architecture of D,
L-Alternating Oligomers”
Supervisor: Prof  KAWABATA, Takeo
23 March 2010
YAMAUCHI, Yoshiaki
D Sc, Kyoto University
“Experimental Study on the Quantum Coherence in Semicon-
ductor Electron Interferometers”
Supervisor: Assoc Prof  KOBAYASHI, Kensuke
23 March 2010
YAMAZOE, Sayumi
D Med Sc, Kyoto University
“A Dumbbell-Shaped Small Molecule that Promotes Cell Adhesion 
and Growth”
Supervisor: Prof  UESUGI, Motonari
23 January 2010
ZHANG, Wanjiao
D Agr, Kyoto University
“Studies on Biosynthesis of Sulfur- and Selenium-Containing
Molecules in Bacteria”
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(10 December 2010)
ORAL PRESENTATIONS
NAKAMURA, Yasuyuki (Polymer Controlled Synthesis)
“Living Radical Polymerization Using Organotelluriums: Photo-
Polymerization and Control of Polymer Chain End Structure”
NAKAJIMA, Yumiko (Organotransition Metal Chemistry)
“Synthesis and Properties of 3d Metal Complexes Bearing a
Bis(phosphaethenyl)pyridine Ligand”
ICHIKAWA, Noriya (Advanced Solid State Chemistry)
“Changes of Structure and Property in Thin Films of Transition
Metal Oxides Due to Low-temperature Reduction/Oxidation”
TAKARABE, Masataka et al. (Bioknowledge Systems)
“Network-based Analysis and Characterization of Drug Interactions”
SEIKE, Hirofumi et al. (Organic Main Group Chemistry)
“Nickel-Catalyzed Alkenylative Cross-Coupling Reaction of 
 Alkyl Sulfi des”
IMANISHI, Miki (Biofunctional Design-Chemistry)
“Creation of Artifi cial Transcription Factors towards Control of 
Biological Activities”
TSUJII, Yoshinobu (Chemistry of Polymer Materials)
“Materials Design by Living Radical Polymerization: New
Functions via Structural Control”
– ICR Award for Young Scientists –
MIZUHATA, Yoshiyuki (Organoelement Chemistry)
“1,2-Dialkynyldisilenes: Silicon Analogues of (E)-Enediyne”
– ICR Award for Graduate Students –
HASHIMOTO, Toru (Organic Main Group Chemistry)
“Iron-Catalyzed Suzuki-Miyaura Coupling of Alkyl Halides”
NAKAMURA, Shuji (Nanospintronics)
“Nonequilibrium Fluctuation Relations in a Quantum Coherent 
Conductor”
POSTER PRESENTATIONS
LW : Laboratory Whole Presentation
LT : Laboratory Topic
GE : General Presentation
— Organoelement Chemistry —
LW “Synthesis and Properties of Novel Organic Compounds 
Containing Heavy Elements”
GE SUGAMATA, Koh; SASAMORI, Takahiro; TOKITOH, 
Norihiro
“Synthesis and Structures of Various Type of Organotellurium 
Halides”
GE SATO, Takahiro; MIZUHATA, Yoshiyuki; TOKITOH, Norihiro
“Syntheses and Properties of Trimethylsilyl- and Phenyl-
substituted 1,2-Dialkynyldisilenes”
— Structural Organic Chemistry —
LW “Recent Research in Structural Organic Chemistry Laboratory”
GE NOBORI, Masahiro; MURATA, Michihisa; MURATA, Yasujiro
“Investigation on Magnetic Properties of Fullerenes with 
Encapsulated Dihydrogen”
GE KATSUYA, Satoshi; MURATA, Michihisa; MURATA, Yasujiro
“Studies on Synthesis of Azafullerene Derivatives Directly 
Connected to Organic Dyes”
— Synthetic Organic Chemistry —
GE HAYASHI, Kazuhiro; MATUBAYASI, Nobuyuki; YOSHIMURA, 
Tomoyuki; SASAMORI, Takahiro; TOKITOH, Norihiro; 
KAWABATA, Takeo
“Creation of Chiral Binaphthyl Surrogates with an Intramo-
lecular Hydrogen Bond, and Its Application to Novel Organo-
metallic Catalysis”
GE YOSHIDA, Keisuke; FURUTA, Takumi; KAWABATA, Takeo
“Regioselective Monoacylation of 2-amino-1,5-pentanediols 
by PPY Catalysts with Functional Side Chains”
— Chemistry of Polymer Materials —
LT HUANG, Yun; SASANO, Tatsuya; OHNO, Kohji; TSUJII, 
Yoshinobu
“Well-organized Assemblies of Hybrid Particles Grafted with 
Concentrated Polymer Brush”
GE NAKANISHI, Yohei; KAWANO, Yuko; OHNO, Koji; TSUJII, 
Yoshinobu; SAGAWA, Takashi; YOSHIKAWA, Susumu; SATO, 
Takaya
“Development of Dye-sensitized Solar Cells Based on Novel 
Solid-state Electrolyte”
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— Polymer Controlled Synthesis —
LW “Research Activity of Polymer Controlled Synthesis Laboratory”
GE MISHIMA, Eri; YAMAGO, Shigeru
“Synthesis of Novel Random and Block Copolymers by 
Organotellurium-Mediated Controlled / Living Radical Po-
lymerization of (Meth)acrylates and Vinyl Ethers”
GE KONISHI, Shota; KAYAHARA, Eiichi; YAMAGO, Shigeru; 
NOMURA, Akihiro; GOTO, Atsushi; TSUJII, Yoshinobu
“Synthesis of Concentrated Polymer Brush via Surface- 
Initiated TERP”
GE IWAMOTO, Takahiro; WATANABE, Yoshiki; YAMAGO, 
Shigeru
“Synthesis of Cycloparaphenylenes and Their Derivatives from 
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